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ABSTRACT

The objectlves were to obiml dt aseeted s"Je IneriSa coapartmnts o atSm dagreyoI l e
wtthin the dynaminc radoiaoqgical sreavtzcmei foilaw~ng two uiefotwStef onclow dotoalto-so
(Wet.. aml Umbeslim) from which it mnghi be possible, (1) to daterabas whthe mas inhalation
haZard *zlsted IN the"e .omprmentus boecaue al the taposs ol conlaminotS "ia YuiitI"tlOrSS
combustionm air systems. (2) to estimist the externt Post reistisa does or done rate Is
thase COUNpaFRIONmai be t the lapses dt COWiaINKOWNa &Rd (2) thMl the ISONAUPIO Of
Partile*-oias dtfftribatift in several at"e raft" and uctivity asseoclated with these o1. tangOO,
to alttmpt correlation btem biolegcal dosimetry (primary measurements for aem 1) and
phyuicdl measuremeints. ma to prWOid Utohrmatiseaso those Parametere for uee is Uno 2.

Th yeoolisat compatents~ were to~mrmenvo oasths moored aad waShd de"iroper
(DO-59). The toa eseAtimw vw &siped to smamlate the epainatm& oiften" with veblula.
timsblowersln redoff IPA with anelscweaes lp the vewidt"Im sgiai. Exhassiblowers ore
Iwutalladto- 30e peread f ath rooed airdlw theah etcb vid~atle. symem. This mu-
a"o represea a maxlemem that hu beom mosured to shipimard teats sater the "at favorable
comiltemw for isadoced airflow with vestfllaia bWowes bre off. The ofter flweressa ve alas
isatremoded to Provide *A for etalnotlag th din &" e to belffr ala casing loabfs, to this
ftroroom, Wo-power airflow was maimatas thr~eso an ired belier, PM the compoatsmeW

ýWarsesaltedopeves the, lapses Of eosatalmsaf vi the ventlimle "owne. Timestea cor-
partasrita were, ietrauemaed With air samplems ambee sompler4s, mMallmoils (mice a"
gotiom PW),j fIUm bodOe, PMd asodf g pam radloulle detectors.

The, DDO4U was measted with Ith starboard sifteI to mme sam% 4,140 toot deweww *arta
00%an Waho P.M f" ts dwwawild brifgSt 00aUbrelic TM albor target ships were aloo
mlooredl Anww with their aus tom lsuface, sore the UD1-44 at 2.0 feet ad tho DO-514
of ONS tea for me Wames; am! the, UDD14 at 1,115 fed PMd the DO-HI at 1,06 fete Ow ma
Umbrella. The fworwad ft ereimselatll hea etoesbde e~rfrdfroealn
roaom" with am airflw about halt at the fell-power stairfo. These thwooer were insthument.
'ad with tUrn ope, PM recordbi rasiat desectors by another project.

Becuse ad epwaruloml Eicuattlee, the only resuuis oblalmed as a I dle Olso tieon the
DONS for Nom Umbrella were the fpsme " r l o. i. Onl saimal Oft fl tm badg
bimwee soteblahl ft the MOIN 1Wso m Wohoo, With westallstl I tosm wep but lose
teo move.

The oega"esimyt eatimao the eaterod Woama rodiatle be. be to tim lase Of meaind.
mast ift the MIN tema Ma Umbrael reemiled Ismaw"de rang of whies (and elts a bit at
Ofieirtalaty). TIom w donbe ealmaes" weret 0.6 to 2 r Ise veaoliilwd easpiotmokeads PM to
4 r for the firerami. Isoue, ~e a"aiemos represent lowties a psweet go the few
&oo to the "atilm" esmfiartmsd PM bow=eabo aa few is percent t fthele, bus donW the
fl"rereems. FThe b M r be" setass were to hum ftlrr es a(o*f -m Of I" boilers to
awO fteva ) PMi P1 r Ow th vatlmd room. The Mo dee, eaitos rpresest aW
Proat~ l~matet Giote f th Wall bee to mae ss ft@N TheM sVb ee set~imis
for the I"too vatitld sommussuy esometmoinp , Mo o ft ff le,% are ees than so
ap resa ul the loW doe In those VllysU et etmi 5OEskoo& otl~s el sollvo laat~ er.
W bee to ma Were, 0.6 to 1.6 "a to soe eeous terttleal or"e Or ft btw I ons after,

I was Iemad hat S fto " percent of &1ir maple* WcTtvttSe #41ected blk tVA look e5OMtaUede
were beo to Varlwe fit the lwss-thaa-t-mocrim etae rawsn PMoes wee ro eadil aIrMor" a"
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Indt 44-04.10d rAidadctivily Cantribi~dad hif te iUdectiot of those do"e, beCauto eAko* -t .-ov
tr rvep 4s%#- vses :it 1.-st comp.artrrvvits wtir* . to 4 tiflivs tOW coparakil.- tnibro-t1A doni..

r.to.s. Eii~r.-.ts of max~aaum tfirrrial dueie were 1.8 to 3.4 rads to tin- vkett'tn" for the first
7 dav% afUer shot. U% the ventilated Prigine room, theres wasl on* higher, estimait of 7 radio& to
the %%aistrointestmnril tract (also a critical organ). The low estimate to this case was 3.7- rad.

It was corcltwded tMal the dose dur to ingress of contamitiAnts was of relatively tosser imper-
taru'e than the dose !rom sources exte~rnal to Or- uromiurtinval. -The dome. due to deposit-od ra-
diciArtivity in ti;& tirdy w-A* always unsignific~Ant compared t0 the total exposure tinse.

In. all cAs.-*, it is sa'ttznated that the doses due to te aingress of cortaminanis arr secondary
to the dsose due to exmerior transient radiation soirCv.,ý hut that. if shiielding were providedt to
rmtuee the tk~aot.;e. to radiation sources external to the ship. tho dosesa dur tn the itirrmisa of
conIArmnar"a vinsald re'rtIire consicraitivin uniler any eoatept of dotage control for repeited
vxpn"-ures.
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This F"Jxai pres.nl% the* fin4 rvtit~s u,[ o'ne "t the -,roJects Participating is the Winuhtary-effect
pm~'1!5ns of Operatio"i Itardtjck. Ovii-ral iniformation about this and the other mlilitary-effett
Project& Can he. OkAlfied~ !rO" ITR - 141160. the "Summary ROPOrt Of the ComaaandEof, Task Unit

' 2~this te'chnical summazy incl~udes. (1) tables liSting each detWritaomwith its Virld, type,
environmer'tt. inket~rvio,*'ral conklitinons. etc.; (2) niAps: showing Shut locations; (3) discuassionas

Of eautmiby rogranin: W4 t-ummartes of objectives, procedtures, results, etCe.. for all p I ets.
;iwI (5) a llirWl,~ a' proj.ct reavwts for tow mnlitarvy-etfert prtigramns.

*PREFACE

The gamnmia-imn#.nsity-liow datLa utililed lin this rrport was oltiaswd by Project 2.1 perasonnel as
*an ext*'esion 4f thvir own experinitnh de-sign, instrUSHVntAtiOn, awlt data reduction. Ir additi-Wi

Utey had cognizance of corarion intrunient~ation suppoirt functions such am gaonimmstntvnsity -firme
* rp~rier5andanintal-coojling system .And the na~trument-btagtirig by-itein for both projects.

The cooperation and AssiMsanie of per~sonnel of Project 2.1, ýpameaularly Ht.R. [1wrH. A.
Zas;orites, and R.G. P-A%;e, is gratefullty acinowledged.

Rpcovery operations required trnaipower bi-yond th~At availAbIe fro"I withini thme nflflect. Task
Element 7.3.1.5, tho deconUmin~Atin unit of T~ask Group 7.3, furnished four Men- It. L. Kopp,
DC2; A. P. Brown, F. . J. W. Cooit, S%; and W. P. htiwones, SN-to abisst in this work. int
amddition they wo-re assigned many niisceil.ineoume tasks, such an in apie* processing, air SAMPler
preparation for test. and aeormtamniratton of air sarmplvrs. The hlithly coope~rative and able
mianner in which they carried out this work was of miaterial assistance.

Project 2.2 also gratefumlly ackn~owle'dges its indebtednese to th fiera and crews of the
Task Group 7.3 Sliocia1 Pr'ojects Unit. who mianned tWic three target destroyers, for their fre-
quent and cheerfu .sssac iniitlin upoteupet c plishing repair and

altoration work, and IL~rnishming -&-ork parties when required.
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Chapter I

Re7RODUCTONf

?w.. 'jiwf-rattwAvr nuirlea tIt JtiAlgui w ar.* fhdil.d to nt'tjin aliu from which -.aft otAndofif elga.

as li-V di--Anee belweet, losint uf eic'tsi-Aitn .~sid ~:i ery~uu atinit o~f tekl.,ulinn Ainufni th.'
e.-fUarttqi to h cenuihkered w~A1 the potential radiolcw~al hz~arc redulttivr2 from~ the *~ihgr"'4 ut c022-
Lam'rnattun via is-th vcntila.tion and cionibutiaon air slentes. Aittkniih thI. prop-ct wis too It's-
littd in scolpe in provide full InforMation'relative to 'hi problem, the data provided a basis for
ptanninr aiAd :,dlcat's A Weed for mo~re extensive studies.

1.1 OBJECTIVIES

Tho objective. were to obtA~rin dta. it geltb Ints~rior compartmeiis of ono detrOyer In.
catcd within the Idyn.a .mir radiolog~ical O~lvronmcnt following twoi underwAter ruclear Idetonationis
frotu which it Mlghht lie possible (1) to deterfmine wheither an inahuablion hWard exisited in these
runmpartnhi'iits IWecause o)f the ingress of! ctintarn.itnits % la voentilatIon or comrluuslion air symitefa,
(i ,to Vitt inato the extternail gati)ma radiation close or dos.o raite In these compartm#-nts due to
the ingteso otmnns n (3) tueeg eh meienei of part icle-sie diStriliutton In

Severat Size raiges and activity associated with these' size raige.8 to attempt Correlation be-m
tWe n bnlolo~cal losime'try (primary measurements for Item 1) and physical mecasurt-ments,
atal to pros'ldo information on these~ parameters for utse in Item 2,

1.2 13ACKGROUND

Following underwater detonation ofa nuclear weapon, the delivery ship, it close to surface
zero, mirht be c'nve Ilope .d by base stirte or fallout. Wte ship Would thus he exposed to radiation
frtem external sceuries-and to contamination by ln,*,ress via the venitilaetion and combustiotn air
Z) Jstemi., Ingress of small fallout particles would result~t Ai a ontaminAttr.ý aerno s la
detposition of r~idioacilve material within the ship. B~oth the aierosol And the de-posited material
would increase the radiatl~n intensities within ithe- ship. Tie map~itude of thetse Intesiic
would be a func tion of (1)-the gcornvtry of th e ve'ntilation' and combustion air systems and asso-
itated'ennp~artments. '(2) the phYsic'al, chemical,' mnd raicoloigical pruperti.'s of the particles",

.asd (3) the muchknrism of transpurt and of depoitiiojin of the. airlsmrne mAtprial. Quantitative
fie Asurrnwiitla upon whir'h estienatts o4 ils nam.aiii.idc of thtse Mpotetial hazards could be fnade'
have tIJrn lacking, in iAny areas.

1.2.1 1"ounle'rnaeasure Studies. For a number of years, a riequirement hiexisted In the
Buteau oW Ships to gIvtt rmine whethe-r a nieed ( xists f6r cnjnltrni#e:isur#,s .ai~inst the ingress of
radiuse live cointainiiuton into ships' Interiors Arid to d've op radiologica, couriermand sures, if
requiured.

CONFIDENTIAL



* -urt Ier 14 bis we-re ronthicitee .:,..rd it~e ILSS'Wor tivtt r (CL-l44). Nonradae 1ee rokiilt
chlsoride -was uset :is A tracetee.. t.?ru ai;.ianeed. d hut w'hich would be' 1:verairdh'

d--y a 1.pundterwate'r i'le OIL riiniulae~ as s*te1 "to det'rit" the thpostion charac-

turi-.ttcA oef the uirosol throol-I -u.1 j iintte~r contiuhstii~ ai- s.'s~em and A fir,-room ve~ntilatjion
qc~. tern. fit Aejition, Libeor itnrr-: as* werv rotlen'.utc At t~e'US. Naval D~del~i' le'fe'nse

'.tedi'~(u~j:elli.twl)revald e~t:..:* .e~c~etsof t~e tr.pf.: wore't dt pri-Wetr Ato-," the wAlls
ccithe 'lrt~ ani a e ie.rcrtcorn ' i !.v svtem At I~ Mtept wa uh'to obitniaie 1ts' peten-

Ii.it riditt.ttictin Maarif had the !tr.¶. r-~c it r ,,mt Cive.1
I'. .re csl O'dt~ atv( be,!'f !";o- ( , Juiolojc wa!~ se:...intti;lt.a1 would vv'Wi't 41A n141ille

tn thc i~*,l's -~ r' ~f': :..-fd4w.ite'r wurl. itr~'e.i'i1f

c.:., I .,utrit,'t r, i i.,, ic", r- . 1 U~r systi.nc . 4' 1 *in e ~,. rv'., I .101V'11% ilt I
*Lujri.. ft' Ai I nimeute after itr.Ar.. P, wail vs111,113I..t :ht ht-e 1114441116en %IeZAM (le't l'

(ie~.'rf co!timi~enkenae altir Irm the. 1_-.,'r sy ~ienis in~to hie Wik'r rotor)"would be' less thAle the'
pc'r*n1UF ;lielP Aeneeeue Ilsti'd Ini H4;!t-:-ncv 3. Estim:tte'a of reextIvrmel haz.,rd in tiet' 'room

Gt-1 flc.eerby spies'~ due tn rjcdeattie -ni (0 .en-.natie .r 'ee SIt-istl. and en tine- leite'r
room~ diruglth Ietakje-,e froin the' ho'.. -vst,.tems. .wrre ImAxitnuril Las~ed On A ship, -entry time #4

1miuee''Jeaft(-r shot 3nd .a St~y tiie . 10 min-ut's. Te'v-.3ximUrn calculaete-d doecses'e'e' 22 Atd
20 r re-~sc'tievly fur the ulppe'r a:..' u&Acer ItPile't roon~ hIes6.

For CaLse 2, e'stimatesi of dm(s ;- ~rg(:.-i 61 thit eer:-er wvol tit a twuitter room we're wmade
assutfljtf.: thact all of t00 voi'necle~u&.%. Irf:n th., ctimhee.tge'n air Ci.s dqioA~:t'e aeior: the' ducet
sy-;teim. Assc'neing An outside a--'--'. Cvrrtro of!; I LLie It "t1mnte~dahip entry

time o~f 10 mniiutes After shot,'th ý.'.n.t.'et (~4,S4'6e:~ O0ri or,100Vin1 su
andil 1,06O r in 100 'heours. Titus. -,I.n at a Ito's' dilpoet-dor. t Ifiriency of 10 pe'rce'nt,ý lwrb4fnewi
I',qtubedv for 10) hours or moefl woz. rpeit-e'i' a thoe grpae~ir than the milietary pvrmisissehle.dos4
(Ite~fere'nce 4). .. -

The' results obta in I i thisi t.". scletih inwtI, edfo Pexiwrlmie'nbl wo r on
deposition of radioactivty in doe-IS vi~hin shijps'etrd'bpace~s supeplhi'eý byorcvd-air -tyster'ms,
VA-11tilAtioll or combustion, as wc-l: As MeAtsurfme~nts pf e~re'rnal radiation leint'nilty ujain which
calculations of ra diation dlose~ mi~ be base d.

Further theort-tecal studies'(P.' 'er:!n'e 5) we're maite reljtt'e' to thW radiation ha't-rci from
Coe~armiraited aerosols e'nte'ri ir v., :he ie-ntiation sy ýt.-n. The degreo aadfo ihri
radio~ectiiivty ani1ght be' exp'ectede to n':'ed on the' type *ntefent of duct'roniamintution anid the'
Veqence 01 "Meuwtrr on" or "' brs. :s air' rdvrint! and £:e'r intriwiuction of contaminAtied air
into it?:' SYSITem. It W2s conclud,-'- .:-Jt. II.&d colidetioe "e'A'soff" e'xisted at Iall tinies, the'

s'etniAt' Lanena d'se' would bep '-C(,d !jo 3;iro'Imaeclv:t percent of thtt wheich woiuld te'
iexpe'ct'd with blowers on. Itasid ,ý7. act tvitv of 2 to 3 curie't' ft 3 at I mitnute', it was concluck-d
th..tv "lo'aers off" conrdition v- . rusult i no re tfct orn of conha e'fiiee' fro ternal

11tmma dose. .*.

Tests we're condutcted on the, vt-.::Ation and boile'r12i sVste'n"S Of' Ships tYAG's 32 and 40)
sub~oce't'd to the fallnut fo e~:-a'srfcetptons eturing' Operaition Castle'. From
the-se tests, it w-2- eletermine'd tt-ai. for t0e con ditinn~ pf-cuiar to Ope-ration Caitle. ii aeeavrace
air 'ro-eth'tv curerentrat ion .v.~rotceeh t"itl~ ton, Irms conepsrtmnicts was on the order
of 0.02 pe'rcient of ILAt ave'rage c':-rto.found wislme'rside (Re'fere'ne'e 0. Dat;& from, paper-

-itr and e'lictros~tatc-- -capit.e: pr otctivo de~ic i vF~ent flat Ifi ~svtVmS rave' eve(n
lower values.-

the ContAme.,%atens evenis durer.z CAjtleL we're' Ieasi'a~ly diffterent. !ram those d'.mrin; Sheet Mitaer.
CorrelAtiOn o' resuitlts obtainc.' fr'-'n Ope'r~ttiors Castle. Haertltaek, and Crossroads will be diff I-
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:1.2.2 InhA1t¶,ean Htazard. Acute btauh-..ýiit, injury .',Slulting from ex.tojure to Airt'wncr4at~It-
aclavi fiev~iem pro-Hucts in arerim~il form. at any. tioutd be. caused pre&.mi.netlrity fly the rafretual

era, - IV73. y 1 from awf-Wral fkld a 4t. .i4. to d.a drit .I
the Internal rail uigt on'tia P2 rds Aeha tei ijaulatioat of fallmail (Referencers 8 thrimikIth In. e thise
u.tuaies* mi-I t y the orel'wat calculationes jitcferience 11.), it wJiife-rtemino-d that tive enlastutia.

Wmpard was silnal canhgltartA with thp cum.')fflhtailt exwei nAt r~adiation furard.
Tn the field 'yia rferenred abovv, tinl-,li. little or no phytile~al ehar~Arti'ria~ato* Ifthe

fallout rnateralI "S.'s .Aceuiitlate':lot ws fry and insoluble. No fis-ld Lita Vtuiated 4.0
the.~~~~~~~ lsstl'*iattinhtri Ld ith ant unebrwateir towlear .ktcr..Atioll Ate such an

evn, te.mnultt iihaar1nioaht he rrtIii-t~y~'et rI'atage' -if tk- H' .,etrhi'hai'

,ot tareelgi rUtor, awl IS!-Iitc oto u '*'U- ,f e t~ o.1:11i rni..t.'tt vaW.1V1' r .. , r m. ' .lm Tt
* ~t'*t.~;~ ,*.i 1~. .- I ."' .. i,ir. *. tt-. t. 14 t'h. :e :'r~aoo ''.e, ?ee ira N r~

*t-: i at %I. illC 1 . W~in c ry - !,(tvi t.:rv

11cr 11135'a0'renit ':it. of pArtir-1t' 11.0m, air VU11W, Wfltioiinig. j'lltoW i :f% etjra. llldq*1hr

tphysit'at chntacte'itSirs ill W.ltiet nrmvater Iii the' hiel4 situatiotoo of k~rt.'lineds art n" avail-
Aihte. Therefo, -. ft Iis diftiifllg to simulate fiteld concintionss in ithe- btv~ratory. Fqir. tsnt5, the
inte'rnal ,aeaat:i~i tazArd -in te-rits'of .rtrntie'tjfiaJV fArOtin,.#- 4-4S not

.Accurately irtna, II' the radiatieh dose to th~e luings-sr vthe-r tissN.oS. Alsoe it is eleltitult to char-
acte-riLe tAn inhtalatuion hUA;Aid in'terms ef t!ie cherniAae'ael- cical$e'a prolivrts. * a l I~ Lhe iiaireseI.

Biologi~cal sanipics in the form of sm. &.1 'lnanials huirf. bern useld in lai'.vrattry ivhiatalton
st udie 6 andi p rot'iee an vaeipitteal mtet".li for Assessingz the- potertital ilihalattot hazard lto man.
Mietwe'tre, use an t e blraitory exper:me~nts and we're' stle'le'd ase oiie of the anmauls; to lie
tse'din the tesits. Guine-a pigs were, also se'lected foe'~c 134'.ertue thaleenfund j Itef'en
IS) that parliticlAte nutter of approxInastely I micron in dlitanwter ib de'posiltd most ras ily in
boh man anf 0:41ir(,a plijS, appnroxtuAtii' ýO pt'reeM in eachl.

L.L.3 F~xperLe'nta C~oelr de-ratiuns and Srcope of Trsts. The' following: in prres.ntcet, in 11Vu
of e~.Veri'aaeatal baritgrouiad1 as enfievrim-ental itork oil the' inv4ress of radinat'taaef mnatinrouls s

pedat .alter Oi-rtatio'a Castle.
Te radiation source's contributing to ýtheradtatlon field In a sipboiard e-tioimjartnnt nuay tic-

classed as: (1) airbl-one and dleposited ieources enve'loping or deposIttA on the- ship's weather
su'rfaces (2) VAdierborne sources, (.t) atirb.orns' andtI dposited source~s within adjaccuat tronajart.

mr Is !ter i! bieores-s-, aney (4) airborrp and de-pusite ci rource's wIthin h tmotaeti

tte gisigess., In any cohipartznent in which thiere'a is iagriss. Itmw n e'esry to con-
sae'r5pattevaibrn nd deposited iuurces in due'tst r rutr' ihill tile cnmrlpartninnt.

This cons ider.ai Iona apil ies to any vertea:v dt coinpartmen't c(flt;Aifliivt, Supply ihults iend llowpirs
and is particul~arly applicabile to firverr'Ors with their boilers andf alisorcitied hi;:h-eep~acity air
s stems.

-Thic dose rate in a comptartme'it i Ls th'( sum of the dose. rate-s dfur to irradiatiton bmy e'Arh s rource,
vAch~dose. ramir co rpnct varying tnde'p..nd ntly i~s a function it( ttiae because Of chAngine: amnounts
of radin'ctvle' iiiueteriAl. ditance,ý imvtrv*'-nin shiel~t'a Miiand various LIe cay rates if frartiogauitton
varkes'amonj, the stevoral so~uices. The above-wmentionoud coiisideirat ions make it obv-iouis that the
., :tcrntal dutac r~Ate in an in~res'e rcniparlmnetr dae only to the' irn.:a .s of coiiatnainimh is isbude uip
o~f *vveral eomwrnerents and that the sum c,! these. componen~ts may le. olý :YA1 1`011 frit(en the.' total
dosec rate.

Co"Isdei w., cr.v 3lbr'C.n .4ast radiuaet tvi, nilaatri~A in a vrlaedmprt mtt
Fiir..r 1.1 rer ,.:.'tb 'k hy;pethetic.l jrve ýlin teenth.JlirtSof ftet4 airburne- and deposit'-

ednutierbal as A function of tUe. Te .rttm e a ..t ot , rf-prvstents the- fsaaldup of
m'atirial pilor it) einy txfaLau't and is dcpe;d...nt on the' ceai'centratgr'n 2~til~Ahli.d in p)article sizes
that i.;.n lie carruic thruaugh the. air dy,.lvjiett oiii the qjasntett of air !suplplis-d, And alr distialtu.
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* tiwai~wn uh ati tt0 .air curr r~a* twtrefr rr.stchsijie exhtuu-tI irteistAsis. lpurs,,.I iii..'. od atIsinac Iiiln-

ok d, to~ thMore as both inrtake ind exh~Alit "I nslAtert4I,'t 5 wioje the Iia salae %blinttAke. ce3&ds.
F1sth.' atarul4 thii plrioll ar so After'*Ard; there wallte nsme tinse persApas 'sijy Ne~wmpvdm7.
whe" the rate of intaiw is e.qu., toa thl, rate ulL 1t xhia~ Mus the rate -f 'iepositiomf, And thre t10A

4mtera caarPemay be flat. Illunrigs thelinalpesitod, t8 to t-. j exhaust am the evily mechns
chAnging the Aa-Pulaid st ri~eriall in the compartmeulo.

The seq 41114m given in Figrpar 1.1 foir thN perio is balsed os the asauampttun thit the rate' of
:06a:ge ci ajillrne. mratertal (fie. tea *ah.Iust ailut due w t depositoicn are eaclh prequirtlonhail to the

anirto .ria rmteria present. The equation dortacostrates thast the rate ii which latte-i

nat is eshýnAutted from the compartment. is Jepiesile't orn Vioth depissitanti and rithAast rites.
Th.us" the .h'tthe rafC of .Jepoatiirr the. maire rapidly waill the total ntasatrial lurvea 3al1prmeals

he !nral *at .lUtq. bve-aubr t~i-re is hiSS 111ter'ia! aut of A given Vtefal tll !W' ..~laustiwa for a

71,1 . eAins .-nl~ts, aAe depusit ion of nawtvri~eJ, if Ace,. an be* fieletet d. th ltrn peit. ret
Saxme As ,;ivcn abjae.' The princirpali tfferencees are that duraseg the .. cond perrod ithee curve
aMAY J1L fCAt -.a.i~iC~tanj1 A roanetasal Anroutit t 41 an13-Tal cr14lt'Ise iiipartttaCnt due to equaal laitake eAid

4-04115st ld m=Atcri4l, AlW CXIUbrut Air movers-kiet %lone governs thre rate of d--pkvtloh of marterial
inthe com;Artmea after intake ItS CeAsetf. For ith fin'al peIo," tritaetaaena rdi

It .- asasumd t the. maraerialbi unaformlry distribteatd-morm cn'trw atiouas througlislut the
Compar Ltment--the clabattonI QquatIonk given in F ,Igueae 1.2 may apptl. Becaruse in this case thre
rate oft iialerial tenrloed is equal to thae r.a te. of charge of air In thee :66iamrtment,' thr con't'alt
k' ab equal UPe the I'l-litsLctiin flow rate'dividIted by the compartmentt volume.

Fi~ae. 1.3 repreasents the east- w~here all m.SteriAl Is efepouiteed immarediately upon introdluction
And may milres nearl aipproximatnee the action In a boiler anrd Its" air sytvstemthans a ventilated
corp~artnra., R This assumption 'in this cable Iiipliesl thAt VAPidy actingi forces such as impaýctioni
:from a h.igh-b.ltcailk airstreamri are: tUse principal maechanirsms governing~ partacli' behavtsr.

Gamma dose rafts IlUe to rAutio4Ct1V0 ntaterails in a comapartmient are depenident not only on
the" amount of material in the comortitnuect list also on a numrber of variabales such us rAdtoasc-.
f ive decar, Jiratribuiton af rnstirai arnd Jphoton eonergy. A.4kyof these factors, particularly

* decay, whichs as quite'l rapid at the early tinacs after shoit thlatL are of ini erebt in these teats,
.hen used :oconvert 'a Material Casr rve to a doese rate curve (or vice versa) may change the

slopes Ltd tioles of peaks..
A direct w.easurt int-it of drse-'rate As 'a function eaf time, due only to the ingress of radloac-

tive material, can only be made.sa a cornspartrmen that" is shelded from o~ther i3diet ion sorurces,
A sitej.taon rot found onl a drstroye~r. , I two similair comrrpartt~rra sits% could be. found oane 0f which
Was tetlut amd the othner ueale-d and the dora.. rate' differences due to unsecpaa shielding detter.
minsd,r .en ary raruinitng dose ratvi'drfferuence wouid lie due to the ingruss of radioactive-
in~rita.1lS. .L tra irrinstlul t-f such a NhOe Wdini, onomling f.acto 0r ltween two dose. rate
nrieasurvnii ftlS at differenrt rahaptsAard lurctie'ns may lirequite difficult or al lravst I*-- nsccompallis'd
by lairge unceertesinitis. Where the ir4:rress dose rteia mlldfrrc twnlrg
nunillsrs. aid mAy be. vcluzel to the unct rtasut'y in tile large numbers, then any detersarnlstion ivy
ddif ne'nýct b ui alnses nit-brraSaible.

J~rac~r1.stz. 5 an this e-Strmatirng technique are ma xivimom f Ior coriditi11ons of rapidly chaiaginat.
notlsiafear-i radiationa %ource s whiere thac exttrior do se Irate co inposacnt is the prrn nelral douse rate

*curnpune-rd. %Mi. nimum tincertawit ieat-suit when raisatIlInn sour ces Change slowly, are unaform,
agd the &l,,e rah.e due, to anagre'n %S tShe. prsromrarifi t dose rateC ' copnent. IL dose. rats's due. to
ilangrle CAs cavh dtrterinrsi,e'd Aiid curie t d for ilecay, tOw values so de'terminevd art- pruieirtaornal
to the Air.ot c-tcf rAdtoactitvie ma lerial in the corrupariinenf t as a function of time arrM, with osomie:

assumptions AMd apprornimations, %lAbres propiOrtionalto aitrborne ~nd deposiitted mAlterial may
he dnie. Reoewrslon 4i these-esrirnatrs to dote rates an ntgratra 1ou g 1eth mag-.
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iitf.r .3-J.; nn~ an Ajieie.IO % fib~t uiCiUI3*a.Iy :.. .. 1 mer

to es, i in~tes 1 -1Airlrr ctivw~ntrjiorA in dquoiltion 4! inatesriaj per untserae rcs asa
funct~ion oef timre. ThVe unce-riaintles iet the' ditse rate daita, assumptivnnis and approZiouiaom
WAY lead 1to -.tirniAtes of -ikh uneertaimaty that equAfly qualitAti've inf ormation iam.tsh be attained
withl less .titforl from an amnp'ct"oe of akeiso rates and their relative magnitudessat variai ltam.-

hu fmea.'urpment Aboard ship.
Ant aitrr...tivr -lipproarh is the reverse of the Aloisse, theý rniia'tion and ,esslaaarcesitw of ra-

.ti.'.&cti~ in.&!Vra1I .Ab A fusnettoet ta4 time, uising air and surlaai'tti.mpivirf... Using the? saivol
Apprul~intatmnz.s 5 d.~mto as ahovee the data,, rates, due to airborne Awl dsipftlts-td radio-

*active m~aterial -Tiy be .;stim~std and idded to determinit the dome rates due to Ingress. The
nhilIe' -',2~,' 1U t~ e utitlid.td to determilined particle sisres. Struppitna at .e -se'aer

i..loo, Aov~ . j puss ad- d~Ata on .asrt--riioemi7,,,etitratioans -AAl partiela' sizes Avalaltse foir intaieo

.1 oi t..'( . c c~nrr wiell ..unal:tr 1iata 'rriM' vevs tl4.ri roinipartft*.¶at Air
,-* -J .l. ~ " .,.. it e 1- - or *-t, tw ,i .:i,.. to air .unplisl . vt.ao.urac

V.-triilation -,ys;.-na is-e ntit da..aajavd Io uniformly cniiir.. the'air in a ronapartstneaa. Msamp on
are: 116chi'awry ac which employ spi't cooling and space-i's where air cooline (ventilation)
is pruirij,"I to runaelve hwit genverate-d by e'q'zpmeaat. In tillt 3C cases. I di&tAnt-s bietwern supply
asid Iexhaust vit?,i~tiltanh terminals may varv considerably, and there may be relattirak dead air-
-.Paces, sloe !o short circuiting, where supply and exhaust tivrmlnals ar" lissrate4t to primwarily
claa:i;.I Air in A particular part of The compartmenit. Tlivritfore a sufflelent iwmbier of samplers
must be lcwated ol thlea hosts of airflows patternsa In the conepi-rttiwnt. Additional sbampleirs at
aentnlattloa IntakIL's fir Supply teraiwtauls anad exhAusititrrmitals may be usxed to determiine when
intake and vcihAust of materiAl start and stop If sumplea are obtained as A fww'rtioei of time'.

To obtailn 9:11,11110. as a funetion of lime that mal tc useful for all of the purposes Indicated
above requires :a kniiwtledge of fithe time hi-itory of the envelopitir .venst, which could be onaly

quptala~Irei~lltt.I addition tu ventilationa airflow rate-s a' atr

Tecost aderatlins givent abiove were weilghed agalist limitations of 11me, money. paraisouici,

logistic ra qu irehmatsi, a~sid operating coatwitlonis to de-termnine the scope of tchttl" h types of
lnbtreinsentation. The choice tfr, scope was between the measuriement of all parieometetrs ina

radlatloea bources, or making limited 6i'aisurements in as many compartments as pobsibler.

The latter choice was made based on the possibility of obtaining gross Irdornisna~ltn from ipmrsa

instrumentation failures or loss of sample data if early recovery at.. counting cobuld not be ac-
comhplished because of high radiation fields.
* Accordingly the scope was determined as follows:

I.Tects would be conducted on one -ship only.
2. The ce~nte~r ditroyer of a 3-ship array was sele cted asi ýe test shi p to be located drive-

wind from surface z.!.o in the predicted base surge or fallout rion
3. ýThrtee compa- tments were sit lected for ventilaition teskii.. to cover a wide tango of ven-

tilation flow rates and bacida-ittally a wide range' of rAtesl of change of air and a variety of air
distribution 1iutterns.

4. Tcat compartment ventilation systo-ow wollsd operate wi~th in inducred airflow of to per-
censt of normal to stimulate the counitermeasure of "blo Lvers off." Prinrishiplioardto teits had

;shown ttut, with ventislat ion blowers off, ai rflow varied fromn 0 to 17 per cent of normial. T wensty
ecent of 'normal was selected to provide a known maximum airf low to simulate couKtntermeats-

j ure cosndtitons. -

S. in one firforoom, which was not ustid for any other purpose, ft-Up1ower at-flow would be
maintain~e.d through an unfire'd boiler. The ventilation openlings for this compartment would be
closed so tL~t any radioActive materials in the eomp~Art ment would be due to lei-ak~ag frmm the
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1w ;setsiit-t to pru'.tuie l14,1W)MIti6M of rash;Mti.'wte mAivrial lit ithe toiler ajJi. ts air s! slvm in the
5,hfl 20.51stthI ~.'ld ccriuder fulI-power operAtimig to ~itIO. This vifect i*uld be PS-

sawedtoinfueceAny dose rat wraeeh
EAah -if the fove teut spaces iwould be iiistr'tmented as lotos- w vlbi
I. Gammna-tninsity-timpr recordersa (Gift's).

'.Air saitiplers to 56AtnIip~s a function 09 tIMe U86111 Aft &vail~bt SA Mpler draill ile '10
stpArate piarlIci's t:o iti .v..rjl ranges 'of particle Sites.

3. Nuarl-see -implers as total collecteirv of delioh itd material. It was not feasibsle to attempt
to u&AAaIR:ite amlsAs a futiction of time. The SAM' lers were to use an available film sue-

ta C t Ut Id Is. U-4441 to d-tvrmirw pailliclesle5lvrItsfl4 UmfalS
.1 EtI1s4.4 plII.4 Anid ill1W. V'IUi be. uvd for inhsajlit,,n studivs.

llf 1,I'l?1r'lll1t.1PC..s tu*11.t-%I bo -1.-ser:~s-d liter, no Air -.Answole Iutaf Wa0 GnIgAu1q V~i
j f.gsA..,t 'I ii. * o.~* ~ ::'ct~of ',.i~tv.'jif %ýii on the's1&l~ .,i ic n~. de

it 11iianso.4iah tn distiOguish Ind~ividuai pAr~twIvs.

.3THEO tY

* .The trichiati~aq , iisb~f~unl)tion, and Approxinial tons usudto stmat tveds ratesados
deto the ln~csof conta~ninints are described blow10.

.3.1 F.stinut~tes of floss Ratiss Duec to Rladtatioa, ý-turcei inside- a Comp--rtmeint. Two stviaera
-;7,3T&;jfssiuaw%;Tks.'rat7.s ( ic to Ithe ingr5Ss sit CIIAntanisur~tf acre dliscuasid in s-e~tiogi

* 1.e. svsd oignua .mnA dk~os rate sr.a~surerrittra as a furoctitin of time or lxusid oan radioactive
-material 6sIllsctiovs as a function of itime..

The Stems in thae first'snVtO~d Arc vhown leaphicaly in Figu~re 1.4. Wsbeore:

- t, ime at which intake of !'a4tinactive nmaterial starts
11-tiniest which exzhaust of radl & htivt mnatertaJ starIs

t: t imec at which intake of radioactive mattrIal stops

* t dsie rate. at any time t In higireps comp~artmest

*dose rate at Any time It in nMirlogress comparintea re ekntmlzdt
*dose rate in tnirtss compa rtment

I dose rawe comiponent at any time t in iN~ress compartment duze to Ingress

do6 is e ratet com ponent at any time t I in ln~rtss compartmenit due to exterilor
* radt~a4lun source$

* NF * normalkzing factor

time of normalization

time after vnioment and close to estimnated time ts when I can reasonably
be dstishinuisihed.

TK- hypolhlirtal curviss shown owe their shape to two envselopm#Mat by radiation sources as (it
theraste for Which data was olutaint-d. D.'termli1atloui of tq may riot be possible front this data
alo~ne, i C11moi~t Ix- det. rmir.ed an~d is thereftore nugh cted, however t3 and I.. for estima3ting
purpkoss. may twe doteritancd Approxim.,tely from de-cay-corrected dos- rate data aitd any other

evdec salsahl.
In the first step, Flgirie 1.4a, the t Imte I% is seleccted dusring a p*.rHod wh" nearly all or a

mnajor part of the dose rate In an Ingress compiArtmct is due to large emertor radiation soerces

20
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Assuming tioasl Wr Is cusasgat, "a'

It seemis reasonable $hat I at I M shouild hit at least equal to or icirter than I atI
beeaust: of loume combination of airborne Aiwi flepftited material lit the tineyeles compartarent.
Assuntine vriu.iahty, a new noIrmahlizing factor Is (it-rived. Then

I ! I t

'And A new I Is deter ~ned at tinio tZ4 uamng the new normalizing factor. The prorrus is re-
poeated unti~l th..re as no sl~r.Iicant ahanger in IN or N and it is Ith" assurne- that ltý. R F1
at any thoiw (Figure 1.41*).

I t ~u im Ibewen t, 'and t. may be determined where

and RE -(R14 14F)

ior I R, -(nN x N.,) t S .I)

In az1ditton to the :Uncertainties given in"St-ctIon 1.2.1 for thts method must be Added the uncer-
:taintIes is to the correctness of the normalriwnR factor and the assumpinr11 that thu. normal jaing
factor is a constant. IP is Implicit In th is latter assumption that the dose rate measurement at
each location is equAlly Influeniced by all exterior source gemetrkes.

the sceond guneral method of estimating Ingress dose rates discussed in Section 1.2.3 was
the convcrsion of material collection measurements to dose rates. The basic measurement
required to estimate? the dose rate due to airb~orne radioactive- mAterlil is the determination of
the conicntratio,. of airborne miaterIal as a function of time.' The Air sAnipit-s obtainedi were
collected as total !.Anplcs P3 r a 2-huur periodi. Therefore, rates of critlectinn ha1d to he ap,-
proximamted, which together with k:&nwn Air sampler flow rates could be used to ap~proximate;
airborne miatert ccntalns as a function of timre. The time of start o. rtkeI a
ebtimated fromn 1.amma data and the time when sampling stopped wrAs known. It was assumed
tlhAt the influx of materia~l was insiantanteois and complete at time t$, aud that there after the
atrhnrr~e concentrationd were reduced only by exhaust and'dilution with clean air.

The rqu~atlio for conversion of Airborne concentrations to dust- rates is gVe14n in Appenixtt A
bsdon the idetterniination of the dose rati-s at the center of a sphere whose volumo eem vequal to

Ph. compartment volume and the assumption that concertrations of. material are uniform through-
out tins volumne. This e~quation was mrchivid to include the. approximA*ion give-n abowe for a;)-.
portionine.i the sample collivction as a function of time And is also derived In App-endix A. Tota
Air samrp:e measurements wvre in termrs of fissions, anid the equation is: .4

ft 10' a MKr# (1.2)
Vt
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9;s ra4 c-.rr:V 4 imsitos M..t At An'y ogfle If. Nt Or (l0 111-5ee
IC - eonvarpon tarta, for jan'lma flux tdserat, r,' hr perMwrm

ro~ a~ adiu~s el lh~e rpettlitlCWU

To convert the'ustits nif the cattaoat...t Atrorne concentratUtions to he. leit rompArtnart I rom

fia/cm Ito equneival-r ",c'eu3 at a ny time t. the following was wSed

A 0- 1O -! --

* I?' !1t t lfl jlS ."t f: 14 t m

o.lu itlw ie rtrt rate (df ItUiosi Ic ieig pvo-iuct mixtu~re .at variousa

ttnmes .After slow n.'utram fisiioin paf 10' Atom-q of U'*. dmI'fins-sen

Iq 3.7, ']W1 dJasi(~c-qec)

for thw abbumption of coiastaig concrentrationl

V, I t1.4)

:Whe're: F - total raunb.r offitssions oltdona "aMole
iv V olume of air s~ample~d, ern

Eb ;-illtation of Me I..-'ia rate at the CePnte Ir of a comlpartment djt.- to radioadctIve- mati I rial 3ýousslvd
.inithecom~rtentdeAs oir Ittilkheaeds is base.d on m~aterial de'poetited p.er umi ar A a funec-

Icon of tluae. r.amp,,i*'s were not colvectted as a function of time. and only'the mtost si7-;.e approx-
irnitignA il beIfI mAde. They wtf iW' dt-scrit'-d later as appliwd.,

For a mcasuremt-nt of depositted niaterial pe~r 001sraeac~twl oassumed t.'ýA thie
total arpa (deck Or Wilkhlejd) Is tinmloraly containkated and the shApL of the 'Area is ai prnk-Mat-'
i'd tr, a titsk of rqual arpea. Thi! tkv-. rate is thnen ,-stinsjierl fur A W414e~ .ALwe i tIM, - 1.'. of Uj
u niformtly contaminm.tird disk. Fo r the. case of awestformly rontaminated disk 'he feliowing eq4ua-
I Ion, derived in Appendix A, is tused:

* 3!ŽS.E Inf I r,)j 15A CA 
1)

Where: R drse rtae att h. fpeet above the center of a unifor:ly cntaminated disk at

*time t, r, fir

rpzmaximum radiitis of disk, feet
S -sanwplc co unt ra tp, LCount 9, mi

0 ecay .1. tor to convert dose rate at lime of 6 Ample- cmint to dose rate, at

A *samw pie rea, i11
IC smra fLx to dose r~ae conversion factor, r. fir ;wer vievm -seaf

E * e-an-n~a tnrwrv, Mnev. ploton'
dicet.cioll eficciency of counter, courts photon
jx-prpa. dcular dist oac of pon rom disk, feet4

kj cornvcrsion factor for tanits, 2.6 10' 0-nhimi cm-aefc
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ad..qu.te for dme-etwa~tilic u-f igns Amt, for VW, Ut.A oil-tained, should pow'vde .a4 oviircati-
i.ietV Ldther thA1.11i Im adrsa~ tC n ~i es. 1In she akr-s SApie-Obtima~ting terhzique, ill Of

the iri~teri~al is considerecd to have "ee collected At the. beginning Of Intake of nmaterial. The

that sa uw material cam la atUse twswus cte compartment for a longer'tm eid

1.312 Inhaltijon H~azard. The ar~carr-riir it an Inhalationt haurd from radioactive aerosot,
WAY i det,'rnamned I~y tre~surinig tl1w uptake aw~ retention of anrbone radioactivity by the re.
spiratory us~tutni it small antimals. Pr,'cLw i~vaiu~Ation of the internal radiou hefo

I'lraeilittaetve voiditminants is difficult. 11(muever, approxidmations,* based tint exfperimental
d~aota ~t~aw-1 from animal studies, are ft. ib:e ftfetecfl(s IS through'17). in the~se studies,

tr iraa't1ImI% ':IsAu~r paroJurts Are us't ii .. the hasia fuar e.'ii-n.inr bieta conrentratiout int
n".A:1. Ithe' "Zv Oft !4J.1 r .::~e s*oft~lIIh orrail or tiCC'ue'on

*tii.aat N *e'n.nar Cal~ulatiur. a't the I.. n. 1o. is et'senti iily 211 *ie0th"mat Of the iN't 5

ent~m~de available lby the decay if a quartify of the isotope per grama of: tissue.
T+calculaijovi of the dose to based ont so-ve?4 a"s uniptions: (1) the gamma activity of the

contAtilianat per Cram of tisrue is assumed to be proportional to the beta Activity. whenu cor-
rcatex for the ratio of beta particles to gamma photons In the fission-prudauct mixture -.t the
tinme of study; (2) the radioactive conuminautat to evenly distributel in the org~er.:And (3) the
beta e ertty emitted fta -%, origin is completely &biorbed within that oru.

Ana~pproxinst ion of the dose rate to ImUlvtdQUa tissues can be obtained by the use of-time

ftllovAi' etquati on Olte-1frncne 17):

raf: -~ dose rate at ttme t, tad/ha
Kzfactor foe conversion of units. 1.15 x 10~ minhe, errs/Mev, rads per

cerg.'gtrAM and include~s a factor of F.2 to convert Q to beta disintegrations
pre Mir -te

Q gmma a ctivity eac sampe at the time of sample court, dis/miut
I W*weight of tissue, grams

EB average enlergy of beta particles at time t, Mtqvdiviftlegration, 0.65

Dose 'rate or activity as a funtiron of time clunges due to both radiological decay and bloltig-
ical processes.- These composite curves as a funrc tion of time will be referr ed to asa tu rnover
curves.

The total dose received during a Iny time Interval may be obtained by Integration' of R~ove r

the timhe interval in question.

D dose in rads between Time aandTimeb

The organs of guinea pigs and micis invetagtd ithspoct were the alveolar tissue.
large intutaine, small aiatcstine, btomnach ard eseph~Ap3s, lilvtr, hra rt, kidney, tractiva, nasal
passage, splven, and a tibia. After Shot V=7rea couflts W the thyroid were also mades. The
acti vity otstained by counting the remnaining carcass, when added to the total count of thie organs,

*resulted In a whole-body count.

23

CONFIDENTIAL-~.



in misi ei i 1!. 14 . imi~n&y large, as c Iiprp.tr--i to the r~i'rgv ni IbtJ' p~tcli to make.~ %A..-, w'

4A Itas .quaivalroae ofD 41lfel r~ &.mis *i0A .AMc 3h,66rpaoo. Bty extrap.tiatin&g tte 3ftd-

V.Alues As ttImerved intOw guinea pigs andmi mce an watirnat~ tl hed Ita ote from, iWuled gc.ieals

ift 3 an mway bo mbade.
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* A 2AEROSMl WH'ICH WILL
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__________TIME

NO SCALE

Figure 1.2 Htypothe~tical coom-is for the ingres~s of ratio ctive

nihtLrial,. assumingal1I material to bce airbo~rne.
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IRoo

t P

TIME
NO SCALE

-a. FIRST NORMALIZATION

R:RNI AT ANY TIME~
RRN RE, DOSE RATE DUE TO

EXTERIOR RADIATION

to ttti tzt i

TIM

b. SCONTNOMELZTO

Figure 1.4 ýr in.nrm'~a, hng uonangrusi comnpartment oe'-se rates to ingress
c~omparte-t o.:sc rates to btaiin (low rd!tVs du. to ngress biy Ii lfurence.
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2.1 fNSTHLUtNTATION

2.31 ;.u'na-?it~iiiv .imTteos~rs(Gtleoi). Ti-.instruijrni'ts conwisis of twe re-
* iv~ I-,- i'o.nt r: tirmtilitii'f t~lilirber with, -tc, m ~,i'tto-ri, O.rnrcntie41 IN A rCi b to .i httrry-

me ~ ~ ~ ~ ~ ~ ~~ A~ j 11:Tu etm -- t-iuls, tior iaefirtqueilev jiva mi'asurv AA
44 N i T!,. iiii,.ial do.,ei ruitt rai is 9 rnr fir to ft-a~t.AV rr hr.
Ti.. se unit. w--ri ashock-mo~ttid with the v'tier ofi the- cii~mlwr stiasitiv'e vooimnve 3 fetA ilkvii

I*K t(w .A. clswieii. providedl around the itit'ctrome-iter came, wlinm unitstwere' Installe'd
%ii btiry..temira~urt coipairtmnt~iit (Fiiyreý 2.1).

A eitaiivd ai*script ion of tihse units ane I the: caiiitratiovit t*-ehnique.i umtA is avAiisble ini lid-
'if irwe Is. r

2.1.2 TotAI Air Sirniplir. list saptn hId(igr e.2 u this iit turi roint~ined a

12- ii4ch-liiAnit-b-r filtvir unit. A pre- i~lt-c let Huff in :swcerzt And Vosiw No. 76 IsIter tlw~r ;end
Mawe S.Jvct Applimisne 11009 thulr upefr, Imcktid by a %IiI1:pore tditor ;iid wipivorteli on a wire
-'eri'ea, was5 usut-. An airflow of 10 1113 hmi (cern) ~as 11Ynie Ayn NHI'L vonstalit-flsiv

but iton unit (FI,,uri' 213) drveleioped for use & rini OfiiratOn Castle and descraiksd ill Refereitwe4
6. This ssnmphir waS Iisti-nd d to opeirate' cniitir.".4oo'sy fru)-n H-5 to It. 63 mninute's.

Air'luw calibretion was aec~omplishe-d by adjubetnent of tl~o constarit-flivw contnrol valve'ýnd
* us ing 2 t.dibitr.iid Fluzwrator to ilmteasure a~IrlW. .Thet F1iirator I$ A nict-*rliig devicei designed

to n~iasur fluidt floiw rait&5 (StUMýlVis Flo- rattor Fishur-PortrC.)
The tut air saiiple was nt slswiziuuMe. The suction unit was mooinidI antb

ckiwnjeient lucatiol ant Wais ~onn!ctwd to thu - s-,'plini; tkwac l., IPrtsiurvflem: hose. The sa-
pling head was ninuotid uor A pipe stand, with the orifici:.,p~prortiniately 2 fee~t alsuvi' the dteck.

*2.1.3 Incrviuwibtai Air" Samplers. These corisisted of t~-.ret' L-.zjct uitka: (1) A roiis2talit-f low
* suction uuoit. (2) U.a tuir srukutinid-nolrAted indwtian 1 head conrvect(d to aV415 viv n4 0l-fiort

rnunozuidu. .i::d (3p a V;rn.,!p of 10 Andvisvn sampmin: lw'au~s. The tuoleruuuid was cojntrolled bry a
Ftlniinu cirruitt Ii ') SIJavniiallv(pnte0 ot'ith intinolrl .it pri-s. t I ime intervals. Bly

I his fmeans, mw blictuw ton purnp pulled air in turn thxuulh v..th of the 10 An-li-rain samnpling
ht-jits. A titningt circuit I ilure resuIt d ir. the- use of cin!l- e: tor. 5aphir. Ii('d ;6t VACh itistall2-

io;l-or. fore, this d--sioriplivmn will ii.. cotffrt-d to the Ams1..rst n sampling: liad and suction
unit, lheiu~h tOi :urlit- -inrr menitaii soper will be'st 05 tl.-uutuiiout the ritjstert to identify
0;;s air asinijjler. -

Tfie And- Pit n s.Uviplzz'. hi .01i, as modIif itd for Puoject 2.2, consists or five %ktalgs X-ith an
i~~~ uJ,. tate vi.tiiiranc v frifiuc to Fpry'.% Tt nlattir~al' .1. o faIlirg into the IfIirst slare

*tFwM.r 2.41t. Eacrh o! he liist fo ur sta -t- can~s WS of a' xr!-,r~itvd n%4 tat plate'. The particle-
ia z -% ir is drawn, throi,.i VA little S. rI ! A jeLt' A.. A.;r :uu.-ot 4 h1'-.1er palJ-r on a pl"te

t), :,r. **p~i'i fthn~r h nt.i it r is d ne upon It!K- biz&', density, iiuid vi mc-*
*it* V- (Atx particie. The Air thin pabsis. o% %r t tlk.t it dgoh "-v collection Platt, And into Ithe n'ii-

,IA ue. Thu, I-.a; in thN- petnrforAtid Plates i % Smarmher in .ach succeeding stage, prodlucing
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Thv colketaon characceristics of Hit. sAmpling heAd were detiermiaedi h) ar.;vsttng the .mhfilow
th*.ui1 1h the head to 1.0 it, min asid exposanft It to aerosolci of dioctyl phthalate for several narrow
r-anges of pirticle size I.ure 2.5). Wall laosses were d.,terminird by exposure ol the VAMPICer

* to act aerosol having A wide ranL~e of prtie r ie n a~e with radioactivity. Thesetwall
loisaie were founds to 1w apptoxiiiiatly i ec~o h oa atrt passing throueh a samplinig
be-ad. Imoodeir to mAalinain air vt,Iaxtlie.s through each Mtaime tiual to thie calibration %Hinocltic.,
It was, nseesnary to use a suiction unit that a'rnld maintalin the calibration airflow of 1.0 it, mue
ove. the range of pressure drop caused by filler loading. The A. C. Schainic 2-APRf constaint-
flow suiction unit with a cap~acity Of 1.5 ft!. mini (Figure, 2.A wsa unwil for this pnarpowe. The
Suction unit was .ad~usta'd prior to shot time to pump 1.0 ft!'.mm as measured by a Flowralor,
-which was previ'au"IV calihraitoe with a wet -t.est ureter. The principle of oper~atinm'of the

S~snaalt ~r'ji~ unwuiat v~ t. Ow a.. Ouet *fthe NSHD 10-11f1 rain cnnqt:In'-flow S.uction
4nit t ia .)

A IVPIAIa 1rinmrem-ital .4 ar SAm'.pler "414tinhai Ishu~ 4 1.11 i Fitrsre 2.7. Th.e 12 ltter/min'pomp
sitid IiwittarS-powered 0al kr ta"Wtwere intutAlled Wut did rnot olierate. Thv supporting frAme-
work for earh station was shoick-monunted, aM baniplirg orifices were apprnsminattely 4 feet
above, the deck.

2.1.4 Animals. Guinea pijgs and mice- were used for' the Inhalation studies. The animals
We-re aplromitAute~ly 2 rnonths old at the tmi of eyr.Thaeaewihtof the gii

pigs was aippmzitirAtly 46'0 grams. Ti.V ave-rage weight of the mice was approxinmately 25
grains. A total of 148 guinea pigs and 146 mice were shipped by air to thItN si, hr
theyWere housed in a poriballe factiily (7. by 7.j by 7-foot illstrument butS) under controlled
conditiona of temperiture and humidity A similar unit wsuetohouse the contaminated

niasafter recoVery.
Eachnninal tation (Figure 2.8) consisted of threeo rages, eAch partitioned Int0 or sectIons.

* Aguinea plig was placed in each of 10 section, fience in each of the rentianing two sections.
The cages in ,the four closiad cornipartniints were equipprd with a cuolinýg sysitem dvsigned to
aIASS Chfl(.ed water through tubingtAnistalled on! the two solid-side panels Of each cage. A tWrn-
perature-Piinsinig seltment I~ mutd inteetrcaeo each station to control the water
clrcuiation Figare 2.9 Is a scl-im~Atic diagram of the cooling system, which also served all

GRcooling coils. This miethod of cooling was adopted so as to permit the animals to lose
body heat by coniduction, elIminating the need for urdesirabla. air movemIntc Drp-p water

* IKottls, which rtiquired teanimal s to lick eAch-deop !rom the end of aLsmall tuibe, were In-r
'S hd in each cace'inl such a martzier as to cr~itmize contamination of the --Atier supply. To
ens ure thut internl cn~ai.to ould reutcl rom inh.Alation, ofood Wsa provided for

* teanimnals. Thei animal ca.s were muunted approsrimately 4 fee~t above Ilth- deck. Thish~h
iaas dictated by pr,2ctical mounting considerations.

2..5Sufae a~les.Srips of salt-warcr-senauitive film (%by I Inch) we re afxdt
meotal pla~tes the size of microsccpe slide.s (I by 3 inches). Two .- iach circular holes uwere
cur in each plate to permit e'xamii~atfon of the f Yl uer a microscope. IThe plate-and-f urn

niswere attached todecac, but lkhead, and overhead suirfac~es with tape. The samplingt art-i
wAs approxaimtely 2 ini2. Detai :5 of fiUlm preparation and calibration for drop size diatermina-
tion are given in Reference1.

2.1.6 Ttmptrature-Ifurimn vdaRecorder and Co=.r.i.ngApparatust. D'ridtx Fritz hygrrcther.
molgraphs. wmth a ttmperatiure rarge of 10' t o I110 P"and a relative humidity range of 0 to 100

pe .Vt ere nso lt in each it st Corrpartmitnt. These 'arc stock instruments requrirng no
porwer; the recorder drum isdriven by a 7 -day clock mechanism.

CONFIDENTIAL



The Asiam.". .~- r *a~, .4 %..It..r( .. a.tD i-.a:!.dj. Aar
adcae.It wa s c..da',rateit wi th Cs'l an" adlce'" sources.

Air and surtace sainpl.. activity was counted with a RAdtatC AN,-;DIt49 scaler using a ~a
crysatal *eintiIlaiWn-j:...ting un~t. jittilty dvie'rtinitionis 61 air samples whose count rate
yAs too hi40 for the UDR-9 were made i o ~ nqizationa chasiber.' This unit used a viahrating
reed eloctromr..tr aind wis calillrAted against a Cs~ and a radio=s sotrce. lAlloratory-
determined conversion factors were used to convert 41-1viSU loi~toachamber mneaswemehants to

Tequivalent UOR-9 meaburevienax.

2.1.? Test and Instrumient Installations. Th* insltrumeints dfcilled above, with the exrep-
tion of the counting .quipmrn.at, were inbtAlied ou tMe USS liftaorth (DD-592) at locations Shows
tin F~ioarl 2.10 Tte conloete GrTH a~rray is1 shown in figure 2.11. Three spaces were uitilized
for -ilif-fiv-4 of intr' a.via. ventilatio.n syste, .r~st the t-&licy, the Witer (:tli't) rc-wi

a', .,iut '. * i 7-.1 o'1. V.~w~ircA4 2.12 thr1,ti-.- 2.14 Aitow the arrag~~w, Ut tha
* pa4es and a schzimat ic dr~awiang of alt' asia syst"&'nis. A blaO'..t W.49 Initil., A ngan4.\-.u

* *syat.~mte adsl'ae 20 percent of rat~ed airflow. vie galIev and crra.s quaarters Were stripped of
.iuansteq~uipment to provivi. riK,on for ills t limeat ation and to Plimina'ter poSsjjItC: mitannatioi lof

Uverqupmot. .1.iouh nopratvethealtr ngine rourm was not strippoed.
Odec hoiler and the sasiclateit combustirin air system, located in the after firernoin, VWa

utailized for studius of inere*ss via holder eomt.'stion air (Fi .re 2.15s). 040s. ý5 and 6 forced-
draft blowers were opo'rated at full-poiweia capavity (approximnately 24,000 Wt'min each, t~Alng
81.1,00 ft1:3n) oring air throu1:h No. 3:hoiler, which was unfired. All fircroom openings
* ad iting wresecrc o banked so that the only souarce of contminition into the working

are.is was t e. ck~ from tecmutnaisstm lre.21 sws teeneral irrange-
me~nt, incladving the location of Instruments In thet alact fireroom.

lftstriipintition in eac~h of the test spaces was similar, consisting of a IHto or three
Incremneatali air 3sAmplers, one tntal ailr sant pier, surface samp.lers, an animal station, amd a
Ilvgrothermograph.

Addliatiaul incremental air slaiplers were Istlled to sample6 air in Ventilation-ttnaake boats-
itel (Fiures 2.1,7 and 2.18), In the'after uptake -space (Figure 2.19), wid on an instrument
plitlorm constructed atpthe forward gun director. Ank additional .Animial stationi was also
located on this palat.form.

Surface sampff-rs were taped to decks, Ialkheads, andi o'v'erhesds in the four test compart-
menats, compa-tments containing 'vciaiilation-intake Thousingis, and tOw after uptake space.
Eighty surf.-ce sam.plers were ins~all.'d for each s .hot aC tilcations shoiwn in Figl.'re 2.20.

Two instrumciit-mitarting circuits ser InMlled, oneicor all GTRrcdrsaordtehi
(Rference I8) and one for the air samplers, an Integral part of the incremental air sampler
timing circuit. Each starting circuit was composcd of a -relay sIy Istem activited by a master
relay conntcted to Oil,. Edt~ertdh, Germeshuben and rier, In.(EG&G) H - 5 minute radio
timing-sipial recei.aer relay.

Powe~r for the air samplers was supplied by the ahip1s mergency diesel genierator.

*2.1.9 TestI Coirpartment Airflow ChAra~ctrstics.- Pertlnelnt compartment and a irfl'sw data
*Is g~iven tit Tahi' b 2.1 r.ud 2.2. The, data dtmors,saates the 1;ros s diff rne ti in VolumesL, 'flow
rat es,. and cons e 1e;nt rites of airch;.ngv thatlcd to the selection of tth.ss' conapurtner~ts. in-

* id.ntAll tthis si-lc~in ¶easa Varriety ofardsrbtopten.Suctions of both the a:2lley,
Ard enFgne rtlom were relatively Acad airspaces I wh ,ereas the c Irews quarters hat; a r.Iatively
un.formi distlrat-n:on of Air. Each spaice haci a diffe-ree' air dt ilvery'lrtitttrn: 10 the galley,

truh three openinis in the vrh~ad acrubs the comapartme'nt, thesardlvr ~svrial
*downIward, in'the- crews quarters, air was' delivered verticaly downward about a foot ashoV lth

uAcck from six d-jics; and in the engine room, air was delivered via three ducts to the upper
level and one to the lower level at an acute agle to the hortzonAl In hslte ae l ut
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. No u, 1,v tr A
* ,.hrunqa~riat :,at Fi,ýurt b Z. A::~ 4.4.N u~u r c j,, ;..: rs~.

t, aswle ItItou;4h l)I~Aifld). :A: Air s~Am;:lers w,*ri* ',&eAted in what avre ;L.4,ai to be priiwi.wi
Aipib It- can oly Ix- qualioa~iiely *tAtotd (hAd dilution And diffusion elk-ets w-rr nonuniform~

~NA)e, the galley anid the vn~i r~e rtitm, bAited uA Otte j-~ A. chr.cofar and the lr'sWtimi int
uisigtnces betwsee*n supiily and exhaiast termitnals (Tattle 2.2).

fit the afte'r firt-room, thie onlv air movtametistwotild be due to the pirinasire created by Owt
lorrv1-iý~ bloer ta to 16 :n-6- s of wA ter) fuircing air out throughl hatch a 1nd e'-eai bo trtation swats.
.Thit: wouid he expocted lo produre a r.ithefr slow molVenient (it air to the overhead.

Altihtugh the aitor fir..oen r.Table 2.2) was the. mily fireroom decimateda a test since for
this ;jtrjjrt, GlTH's for liro'ect 2.1 we're ains-talled in the forward fireroon. This IIITR data
w~as A,,o ust-fil tu o~c 2 2. In the forward firerotom, No. I Holer sfretoupystm

n%%o~~iern~ahur,ry int die" I, r--ur.t esiginte roo~mn. Combustion airflow -a-as about Pailo calv1
hr :i I~- .1ifired.'.e in t:,,.' titer !:r,*rvomii. , it It fiirert,4'ras, Iiiaichs .And ve'niti

..9Air '.ianpl;-r Fffivi.ncv. In ail samrpltr ntnatillativoid in comJur~ma-,tit and vientilalion
intuk.-s, timC s~hiniptr uenir. 'at! a.t 50' to the estiniated Airection of etir mov~onealt. In thwtie

cae h ' rilvar fACe veloi:y at the saimptcr jintake w"S ".tinwiaed to Iw "uaL to or I-~ac
Uh..jn the airstrvam vt lcity. HowEwver, in the uptake space, Airtstream veacitivs were probp-

atyhi.;htr than samiplervel-ctiiestC. Frhrthe sampler locatticon 'Arre dictatted ly sp:Ace

rt-jaitramomti; and may not ha~e !%-aA In the- princIpal Airpath. On the tcA:rument plit0orm abowe
the gun director, that sAmparr opaninrs faca.'d downwind. Any wina welovity aheece 2 knots Vould
tr -duce the efficie~ncy of sampling.

2.2 'OPFlATIO.%LS

ContAntination-lngreas studes were conducted abroard the DD-692 ýdurinc Snsoti WVahon and

CutI reltA. This datstruow -A-4 moore~d do~wnwind from, and starixard %Ide to, surface zro-f
at a nionaiinl stamolof distance of 4,900 feet for Wahoo and 3,000 feet far U~mbrella. Early on

htdyanimals were placed un their cages and lnst,'unents wwre checke'd. Personnel de-ý
*harkud at 11-5 hours for Wa.!oo And At 11-1 hours for Umbrella, leaving the ship unmanned
:ad eompletely closed, except !or air-intake opentogs for the follow~a nystm: (1) test Vea-
t 1:Aron (2yobsinar stems for test boiler and operating toiler, and()coiuto
Air systarnta for operataing :!!*;-Is. The operating boiler supplied Psteam to'd'lve the main

propusion achinry, W'hich was being operated for 31iOck-darnaecalto.Tedisl

"N ere' primie movears for c..roafurnishing power for instrumentation. A washidown systema.
.ttiatted several hours prior to shiot time., washwed the entire weather surfaces of Ihe ship, with

the exception of theottstrue n,, ;Iatlurmi atop the forward iýun director. The wiatstiown continued
to uperate until approximats-1. It - t9 hours after Wahoo and'H - 23 hours after Umbrella. The

* sid sped As 15 knots dur r.4 and 20 knots during mrla

2.2.1 Shot Wahoo. Follorir.g ShtWho h uwn orn t~e broke~ loose and, sub-

sc'qu ratly, struck the startza, al side of the stern of the DD-592, IalnearL the ship m]Ooretd by the
bow only. The ship chA a ;%o sition, livsdingf into the wind, Lxii mairaaimned its approxinaste

* dist~ance from surface zero.
Proje.ct 2.2 rvcovery operations were arcomplI-he on Uie clay after-the sht". The recovery
party tbaardted thv Mhip at H - 21 hutirs 55 minui (125 to-co er bsamples, initrumejtita,

clr.&rts, and Pro;vet 2.1 fII= %A;t -9, -which Ihad loten installed in Prto~vct 2.2 tub 51 paCvs. Re-
covery was completc~d in `5 mirrites. No pocket dosimeter reading a-itcefded 150 inr.

2.2.2 Shot Urr~brc:IA. Pre ihot'opvrAtlions differe ,d from those for Wahoo in Ithat the majori ty
of GITR recorders were na.~aystarted, timcd by an If- 3 hour radio voi e signal. Only two
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Vv', I")t 'p, I :a9 :onsa stia tU-0t-t If 2 Louzrs, At s:;:'.*the re*ciJ'ery lxArtv hoxor~ctreoft

sfl~.p rotl ilsAct,~ivtud the W~Ashikvwn sytern. lierove-rl a-r" complooted, theI wihabJ.4WIZ read tivated.
Auld pet'44)"ii.l cehirked by of .'2 hours and 45 mienutes. No pocket Josialorlr re.adingc was greiit-
er4 thln 200 jut.

2.2.3 Ph..ý:rerovcry Opiiirati iina. Viicsrctiný .and con~t~ngf 44 ma tissU 431uel W-AS arC61mpliShlod
In the F:IIw4etetk Marine itiolairAl Llairaturly. The satcrifice shrhedule is gtvent in Tattle 2.3.
Counting of all othor collect ion ariedia wwn aocconiplts!ý-t in Itbe project lalk-,oralry.

2.3' m)PS(ltlio-rON or 41YQIIIED DATA

2.3.1 :14 Xi (i'liii d fa ),a*A.a:il f~rjnt (>htr Pý-njerts. Antimtal 1ala Ivsai, 4tAtined

-a~~a. L'. .. Ol*a:, .I. .a% ;'ju ~tnpv~!r clii a~i o4 Afl' si" io of
* .~r~:i - '..,a jmt tiij,. st::, t-.a air P.atj, **Sa~ .AM;1I.r tltja were ovl.111:
vt! dtuaraaa N!.,, LiaaU ii . ij~ ~llbrvhaa '. A. Ia.. cnktosde terapertoid of

tfl*fri aii )Wltfa 1.!:m.11 of r~adha.Activq. n:ratriafl o if + 2 hours. %M.iny of the

Hiriairlp hosipI wed no activify Ma6t-o luckagrotnn.. So dtermin~ation of W~rticle size was
".P'waibilu, laentaise, UK- salt-watt-r-riAaazunt film (walo fc.zoaI rimito the humid dilt Atmoiaphdre'

auli high te~mper urr . .I1 . 1 1 .I . II I . .

Addi~t io da~e t.t uwts Av~ailable: . -

ti) Frva)ii Projoect 2.1 (tifleft-rivce 18): all G&TR du~i throutitout the ýhip and 1-amma itaniZA-
tlhi. dVCAY (1At stal.rt izg ;it Hi 6 ininjits, obtained to- *nwDD-592 (SwtA LnalhrrliA-; sonie GrTR
d.Mt, ioi the forwAt d fireforri~s tif Ow. D)- 474 (Umbrv;a only) and the DD-593 (W~Ahoo anol 1;111

* brill~a); .Aia liltin -ladt frosnt tbo tiý.jer ships for .v-!h .hAot.
(2) Frqn: Prqiet,rt 2.3 (Reic roince 20): radtoc!~n:'..e-, anat.ysis of a DD-5,92 fAllout gsanple

for conivortiii , 4.1is frjc' toa i ~n~. ti~ a.j~ltfSalons, redisceal pfirotorai hy

cdita of Ithe- luse* suraiL. .A1141 tLita from hicrt-naraial falliut collectors and an air 'filtritIon tns'ru-

-nt hih were instll.Itc on the UJ1-592 instrume Lnt pIatfoirM above !he forward win irector
(iecnerallv revferroed to as dircector platform).

* 2.3.2 R. ductioi: uf Ga'nima-Intensity..Tinto, DttA. ?T~e rvirctlton of all GITR raw dAta to final
ccrrrt_1'(i1 IWU WAS 4COniPliSilfai by Pro);tct 2.1 .Absis**d by PrOject 2.2 pertonriel And is de-

C vredin dtadl in lteferra':re 18. The'(AlTR nmma'nelc iApe pujlse recordins erintAll
cunw-rt, at to dtose' ur Uos-o rate histojries by nwaitrs of Ani analoig data reduction app.:rAtuoi 3up-
pIlied aid ojcvrat. dl Ly l'rnvect 2.3 (P%, fanr I-nc,. 210). To "okt~a i a more accurAte readout dtiring
the ýpvrtods of r~apidly ch:::giiag. rAditilon intrzvsi:te4, .- A :~IM- 4 wniuera a Fiilwoeok

*Pz-ovlia1; Griai;ad (FI'T-) W~as ttilize-d. Nlavn.':ic tUpw d.1-1 731s,01 we.re trnit-red in~to *Vc 11%t- 704
via as: ;ii:.Iu.Ly %t-eu i.tl-p~urlxi~e ::ime .netic tairte Oft 2rd - aite chasiaal connected to Ow 4eorril'titr.
* ore~a:: or mvalibhr t n': shift-,, radtiat ion source ;t-rntries, de-tector gm-emr.-trics Ion ý-a'ri

Oe~ur, ub.rna11 ml a:ianuna rine-iv~es, .ald untaing cor.actaors w-ere calculated or i-Ms~t, 4me An aaa.tppietd
to thi! r~aw .a Vat- rnunu.illy bi-orio-d GITY? ricrs'.. ob liac- rrelhatect uth ul At rorn
the- r.dio-5wr,iara GITI's. This was :ie-unipiiatam 1-y l i. ir;a up tifl*5 of ihase. r.- -hianet cu v

* e !e;ar., 0.use-h jis oiAx::n. ,od! tho, lkc) that -%hould l-A~ Puecurtrcd at the4 4ante- time for all sla-
t6M.i bi'r a~ hip.

6n P- i) 5ý-2 r~adaatieao int. .I*, at vSI e~torar Q.t Swere' hich eniouich to) saturate thte
G~Rd-0,-t-rs, re-aIm ainai~ai the da!ta. An A% A -v :e oAthler aleck drso. rAit- histur or

* *:-i.i~ d v ~ar-~a:i; tat Irn:.ag;:Jpriate- inr~eriolr lrvc;&tiez.s to abr.1 e

¶I,-.thimr It.to; .? .it'.a i:~ mroI. bt prior to :r' after ao..eurattein.' I "1w only interioir xta-

*tir-l %h., rt i.tL~r.itiona s (ff0 :.-o r, I -A-as an thv -av hi.:e the.- cla.e rate-s durirtv *gVA sAtura- *

lion ttm i-ai vii 27.9 wati 31.7 s o;c or',rda :tesaUW' re (bti~na ttd ina stintilar fashion.
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illmits ibr t,-rr,.rtiae 'Acturs rajL~u!.&to if hr A bti...j iaai.,,,- *...ut:.d rae1141 to. b!a.i,,w ,:.oetw-u
trti,% and VJMIJA' i*ne'ries: (3i .. atiuattad Of&cls si ten. terrvrs; aoud (4) the. vsuinic of dta,
frnm calruLtd.crpv hr .propraate. lot j~o.aerat Me preri1*ion of IN,% - daits was eppll.
'ISAte-Iti toeh within A20 perrevnit. This prpoiombte ic4m. .41 l;rcewicn rcswtu.tv fret"e the
nvoiniul startingt of atost of the GITRVs which created muome unrertalay lin the :imtak tOf earle..
talTR retcerd2a (iteference 18).

Tla. GflR tiose rate data was corkreit~i for deracy. Tlhe curses were riAmined lei features
tle~tt nit,lit indicate e t t'~wn adedi iwlinet th binei nd t -n 4 the ingress
Of raedioacteVO ftateriAl, alld the MU111tUdC Of d-TAy-curr ct%4l ilose rate's th~at were ikue to ds-
posite~d mn-iqeriak. The' deCAY 1i11d 1e. 1 #.nle on pr.'limar~ary xitrtrnientat 4etka sit 'in tunbtr

1 jy of L"." fl.;iien prnsducts t-y J. %tai':mn of NHDlL (re'pi'.' in tirl pAratiotil prior Wo 4.-6 atin-

ee*ý ... 4¶~.. ..... ."14 *wnf 1.1 .' V4IA1ttnei I IW.ere' MtiteAe'd its t-.1a
n :v .!i itu:, rat ;1i ~ .n -,, . ... '. a r..* :2. r*A'i *.hto o oi.~f u4s.. 1 Iit s

x'-rve ni.,de '.,r tach ii ;rvas oni~jAr~tnw~It GI17.17 tolAu .ee'i! Th wo I iic.1e raite 112,nrie'i. Which
A-1ri, i~irmalzuid !0 -he' ieearcs.' vnnmpartnwitt do%-- riete- hittnic, -,here seleteJ ls'aopi inteo-g

raeti-'n'i the' ciie rates so ola, :nped gave' near en.inwu w-~ mieneeisa lose's for the tiata a%4ilailel..
No timtiti of probsiele "-rror can h- ass iý'nvd to the v.stematud etegrvms dobe rate~s and doses.
Altlwu~ii limits rate lie .essigned to UnCertAiatICS Upc the bUSIC datA "i'ld, this is eelt true for' the

* noracde ieiz factor or 1hz' implicit assumeption thjt this foctor (oer st.ivitting factlor retatioeuiilps)'
Werv consilAit. The: rarte* tit e'stimate'd dos~es i.i indeecative of unce'rtainety 61 tIk- o-stinuile'.

*2.3.3 Re'ductio,;i of Air and Surf~Art. .Anip~e MILA: lnrrkýneiittal Air xampler dAtA in 'Couns
petr niatute wwrt' ut.,cay-ef) rrecte'd to) a cuinnion tim? Urnmi l!ie tine. of rountintz. acid the' percent-
:ke' of ictivity in i ach p~Articls? size. ranee~ (seampler stag,". demined. Thettl rsmpr
data WAS 1lr.CAV-corrtvtd to the same time for compari~son Of teehe Activities collected by the!
incremnental Arted, total air samnploors. Upoen return to the~ lpl~r~ittory, the total Air s Tiple' wie're

* .couptvtd again (the inc'rementalt joanple~s haed decayed to very tVw values by this tinte) aced $he
C'ounttiig data coeteerleod to fisbions per %aemple by comp~Arlson withe a Proje~ct 2.3 fallout sameple
front the DO-592. Shot Umbrella.

* No ime istoy 'o matrial collect ion was deducible from the gamma done rAt.etmts
Thia simplest assumptions were uied thert-fore and dose rates estimatted at the ctnte'r of a
sphierical s'olurni'.using Equation 1.2 and integrated to ."nir4t~e thee dosoe due, to airiornc radio-

,ae'ttve inaterial hi the vvntilated test compartments. Eq-.atlons 1.3 and 1.4 were useed to call-
*mate Airteejrne e'oncent rations of activity.

Sui rfac sAmples vere' tountied a,'d, for the ar~ly sin't.niriAnt cate of deposition,, the ti~eelest
S.L11tple artivily %-.43 usmi to -stiimatt' 6ose. rattesi miid the.:ir e due. to dep~osit-d matterial.

No, lim~ts tit ei~'iyt rrq~r c;in Ik- issaiined to No ::.t stedac eti sainpler d~kta.' Tte'
apl'roxiniotaiee: wcd Ab:,un.rt. .r' wtrtemade in ýuc h a ~ aiers it) provid nir'nxi mum dose
cstimates for the data oi.t.aized.

2.a.4 Fi.111 B.i11'1.74 DAtA. The- datta ws Iused in leeuop GITl 'Lita and to sappteniientf GTR
'Leti in sonic ai!-tmncvs, to estinutte in.xresz; doses, or :n 1 stldelesh the' relativeu mag~iitude of
doses be'twi. t :i % arlecus ..histi'eard loeaiee.,s, 14twvt'rn s!t,:j aend shot.%. l:4:re55- utn~us were

stinujt Iif i~y~. e~eet~ s it Ites Is btlacn iiiire ss a; d 11we rmni~t mearly ;ehystrAtl y similar
nom:rs Uraineaa N easci preeiul~i., error cas. lise sstivnsd to such eietifli~tes o
the sbanie. r. .i.,ns ie feur GIrflt-kimed ie !!cosc' # strr:.etc's. The film t..die dAta ha 'wen
Atisignerd standaird limits of e-rror b~y Pricz'ct 2.1 tRevie.rtnC-e la) of 120 p. rectnt.

2.3. tfe*4 ss S L(Yut4 d an avi~it toale
.35Animal Tissue Dse. As~inuls we~re sacrif Lte, uttsiscut .a~ ei oae

at 'earitrý* nim-rs. Vx ~~za. a:2chdule for Ltxh shots 4s giv'en in Table 2.3. flee-ause of
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izw1~~~~~rlE..~~~~ r.z o:,Jdcy~i~~ea liinat tun ~A ~xtaosn of time.

r at-biuk-.iral decay curvea (turmoecr curve), from 40 tolUS hours after, detotnation, could be
d. ~ A.1 S UtLirr:l1a, ~ov' 2~ b-eA I. orns, 'awl 5s(rificiflE strted

immediattly. Thus,' A. iarly portion of the rurvo Was deerm ned. Both sections o# the curves
thus det,.rnmiend fitted well with the' curveJ for similar times developed in experitmental studies
With mice at NRDL by the use ofl an ionic type of simulant (1-fl.'otcre 17). Complete total-bildy
curves for t~v director Pltiatfong tnuits wire c~onstrustdlvnrabiu h abrtr n

perim.rt~al curves to Lueit ftt the field datta. B~Aued on similar curves drawn file each test animlal,
total tissur Activitv urnis calculated for the following postshot periods* the first 2 days, the first

*wft.4. ihý , acod wrt k, aAd the thirst werk.
ill!%. raI , ochr .. hcurVe (or thie various; ine 1.teas' givt n isisve. provided vi ues for

the .E~r~isiflf

wihwere su bbit uted in Fquatifin 1.6 to u14-termine the Averace whiole-lmdy i~nternal dose in rad.
Turnover rurves wo're similarly developed for iindtvtduA~l organs: the gastr-Antestinwl tract,

liver, thyroid 41n Shut Vmbrella only), skeleton (As represented toy the tibia), jAi the re'spira-
toytat uuululorgan doses were caLlculated in the sAme manner is ulescrik"~ abosvi for

whole-boty tralds.

2.3.tl Correlation of Duetit. Ingress dose e.sti~mntes otitained by. the various methodsu outlined
we'rte cunipAurtel in An attempt to d,:erniine whether thi-v Were over- or underepitimaites and
wtwthe:r thtmi were influis';ued by the inclusion fir e'xclusion of dolsi rte componients; siteto in-
g bs r in adivacent "cul; Mteil

Exte'rior, intake' ,iut~ ndttcopretarsapldata wwre'e nompred for gross
differenuetS in.parttcle! Atze and totajl collections as A funct'on a' location.

IntrAl ý1o!e bs' n litl in ta were ailso 'compared to demonstrate gross differences
as a fur.atmm Mt locatio~n and the-ru.iat ivc magnitudes of whole-body doses compared withs the

* relai' mintt~ of air sample otlcolle~ttiu So at, the tamelctos
* E-atmnuuti-S Of airblorne atvity concentrationswr oiretoanamupriviA
:cosnc,!n1ration, and tstimiutud lnt~'rnal doses were compared to existing dise damage criteria.

* Ingress exte. ,rnal and int'riuaI dust- 'stinuttes and total dose estimhatei Were conitiared to
dm sttetheir relative magnitudes adhunce their relative importance.
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RFSULTS AND Dr.,CUSSION

W~ring shuts Wahoo and Umnbrellit, there %-Pre power! failares on the DD- 592 and also some
ckocAmtkon from the- I. ksigivd test conditions.'

During Shut V.Xjio.,, G(TR's and:air samplers were ralee in nopr.rationfl no wmre.ve'ntiljtion
fan, rvnnintz. Cfonsq'le titty iir !!*& thzoQu;h sent!I"tion temt spave's is usikaiwenv. Vi't e'miuliiogc

ml I r'fl 'it' ( . 1 e~:is ~ i dMciatk -v* sim- ec *1id atijpxriimelc4'1y 4 c nef'' ,e (if aiter

the tvilip *riture' 9xe-1-delf1 10' F. .istwof '~ i 1).t lio .' III~g 12 0 , . 7T-mjeraturv in ttae

afte'r err'w- '4uar'#r~ %as consiant uIVY' andwe in !he after firc~rotor at a6 to7' JF.
IDari-t- Shot L'mJ~ela, . short in the air samletlr timngie ci~ruit r~mmulte-I in the volIvtiton of

;-hour air saimple's inslc-ed of a se'ries of iocienreniatal saniplotos. Only twoi GITR ri-coirde'rs
wvr* s~t~e y te actG iariti rtlt at H-mnutes. All othetr GITR revoriters we'-re

manuaily'startod tbasen on a If -3 htwur radio voict' siaceaa31. T he po .orer; tirimuC iaecuracv of a
m~encal .arta seve'ral hoors before shoo4 time was eosaside'red a te'sser risk ihano the lNMssile
lo'.s Of .All data int case of a power or startilar careusit failurc. WVIth tc'eeS~tOit
cOloditionis and finstru.niet op.'r~tion we're as desiegnedi. Recardled le'nperaturso's iet test simores
were 82' to R4* F vxcejfl in the galtley where the temperatur a 90'F. R'~lv uilte
were abioilt 90) pe-ren-tt.

Dmta was bt~Airne~e rinci~paily for Shot Umnbrella .And, 'wh.-re not otherwis spiid, reult S
iind dliecusskons rt~fr'r to the. DD-592, Sho~t UmbJrella. Be ,ore presenting estimate's of e~xte~rnal
and l,.te'rnal dose's, It is fi'rtintint to prtisvnt -.ll In1formtation that int avail.clbc' with re(.'spq~et to
the rmieltiun *'faivimr)n fcean .% function of time and to note tsiose fe-ature's that relate' to the

tn1 re's et ontm~nnt. (taruthout this reolilt ttf tJm"vtrn or "lnternal" will Ie

.-use-d with re'f I rem~e v to a, li Ison or artiimal, and the terms "exterior. or "interior" will lie used
wit'h reference to a -hip.'

3.1 RADIATION ENM1ONMENT, SHOT UMBRELLA

3.1.1 Total G~ammua Mit~ciatittii as a Function of Taime'. These re'sults, as determined from
GITR me-at-mcne nis can the DD-592. are. ;jven in Figuares 3.1 throaugh 3.10 foer total l:.mmira dose
rate's -and an Vfizure ; 3.11 thrmia'zh 3.18 fortotal :.amoa I~ dose~s.i (The word "total" is usvd to
Inadicate the' cotndua::;. df cortrjt'utaions of all radiationi sources tat alffect theli radial ion dt*'t.'tors.)
Tlaest. cUcves show 1v' riapidly tiuaeaingin radiation envirotimnnt for 'hoo inbttruniented art-as of
the. ship. All of th, doac rate' curve's I~v the s gn neral staape d simiarlalds
curve's have' the seine' gi-nrwrl shape. An exiample of the ryapd .Accumulaation of close' c.n lie
'set it from tI%- wicatfte r ekeck dacta (Fi;7urre 3.11). Approx.'mjte'y 90 pe'rtelt of the'* weather deck
a;&vr~age dosce was arceumul.itl a:''c H 6aa I60seod;Dring'this pe'riod, the
ni-Exscnvim peatk aato!:.saity tFuriq 3.1) occurred ;.t a aaomaaaal tante of If 30 b.e'onds with ntecr-
1N'.tk isil- nelit s nearly ru~'.star. Ifn H- 34).5 to) If 33 se'cernds. Approxiniate-ly 8 percent of
tilt Owe~e wass accumatal~te'd from H. - 150 to H.- 69r)~ s'rnids idurinti tilt- substiquent peak.

InRto eae.l~ it *es tlncdt.ttransin~.:t rw'ti.c*c'n ~eourc~s coi~tralauta-d oaort.thAn
* 95.5 perc'ent of I.withrdoeck dc)-;,- or th e DD-592. 'Nof Mimnaie .aal dose was .AC CuMlikted

After If. 10 rn:mj*, -j at the' various di-ci locationia. Vic j'rtei~le' sources contrilbutini; to the
ridi.et ion alter this 'tirne wtere elepos it( d c onta..nina ntsrm~n11)t- w'cathcr 'cur!Ae. s, within the ship,
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?he ~ A :at. t ,n il w1.! I itj n.,ee.t-s t:',-r m;J i., :a e . ; 4I:. ia'.4i,.. ::v: .

ikisv r. ci'ivell prior to ithis taine. periAd And Isis I has I r was receivrd during the suirsoquentri

24 hours.
At H I hours. radiation readfingS at this rail of the frecovery tug. ditring Its approach to the

)DO-592 fur samplit recovery operations. were 40 to 60 inr fir and at 14.22 hours. deuring aA
;iproach for a serotd bueirding. readings at thw rail of an LCtM we~re 20 mr/jhr. From varinuim
obslerv~AtiunA, the ship w-is in conTaminite'd water'!romn SOmetime. shortly Alter detoniation to a
time tx'yoWs thet pitriod eclueri-'d by dAta avAilable or of inters-st In this report.

' ,The doise rite ý;t-aries throuvhout the ship. while all ge'nerally similar be'cause ad the donal-
nlhnrCC 0 the vx!- I tr~iawsait r~thdionw %ource's have distinctive cha lraceistic* ahc -pA.a

rite tie'rn inlto t*At. zups -itngress And nonnngress comapArtmieals. During the gas'riud he-twe'.'
maOr tiitse. -Ate ;)i-,ks ;it Ht . 1241 to Ht . 140 so-ernds, IMs g-Alley'And after eogieuancoom d na.' r~ates

-4 -* 11~ *.., i 'iI.8 And 3 times~ tfill .' Aratee weal s., doc . 0%a- r Iv'a

it-for' ýce . o. o-mii rt~v I tint !oi tl,rk :U--- r:otiC raietee,), Wtilr.ai Ue." :z:1 r.e '! k. .. X ý.
10. t0f.3 it. fil te Wai;Aher dtlark uose rate's. At lAte' tallies (.iftler d.utlt) .s.eit.; fil

-close rate's are touivi in thce lower level eof the. furw~Ard fi-reroom, Altert firorernaci, aild gel
re'sliertiveiy: 2, 1.P, acid 1.5 times the weuerher- deck domie reates. At tlhese times, the- aftur

eae:.rtwom dios. rates are but little Isighe'r than in tioniagreSs com part Meaat 3.
'This evidenace is ieadacativu. of the presence ofl deposited activity in the galley And bi alers or
deaer irsyitemrs and 'a radioActive aerosol in the after engine room, which tud been exhausted

by veanil AI'ion ai.tlow at later tin.. ..
No dtistinctive evidencc of dose rate ornipontsnts dlue to the ingress OW coataniniants can beP

found in the crewse quarters dose rate history. Hloweve'r, in the lower leve'l of the forw-ard
eiigine ronnim ia nlngrI'M. compartment, there is evid-enct of a corntribuition to dose ra'te from

an inerio souce tat was not seen in the upper level. The high dose raft-si h oe ee
betwee'n the mrajor duse rate peaks suggest the penesatuility that radioactive neatkriaj in the main
circulatinýg walter (or deposited inI condenuser, punips, or Ptipinig) may have. been the pritacipal

* radiation souace At this location.

3.1.2 Fstimates of Some Cluaracteristics of the Enveloping 11ims. &Arge. in Rlefer nc e 20,
it was sufggeshc'd that a correlation existed between the seSlbeuIMIrd gsaraia radiation hisitoriJOS
and the base surge transit. Aircraft phtgah aa(eeene2)Sostehs surge to
be torolidalin shape. During and After formatlin hetri expniuiaed rAdiAlly at high speedf.
Itrevvnt"ually reached a maximum dianicter, After which it was windtjorne ant i nove'e downwind .
The downwind segment of the hase sur'ge passed the D)D- 592 dtrint: its initial expsnstrnn and is
pre'sum~ed to contatin the principal radiation source of the mnaximum dose. rates meazure'd
.4bourd the ship. The jasaeL of the Initially upwind tivgment of Lthe b~Asc surge, -,dri1.-4en down-
iviod by the 20-knot "ufR id olwn the initial base surge e'xplirsiein, is pre'sumt-d to
contain the lirincipAl rada~iinn Source~ of the sutmequent And lnenad coeratepe.

Several estiniattes of the tranisit lime of the base surge' can kit- n"-d. ' Mueead uplin vesial
observatiocn from a tug At Several males from surface zero,' the' sample' recovWery party vstl-
mated that the DD-592 was engulfed an the- Ixse ure ;at It . 30 sececmlds adbcm iil
throurh a !uzc .at H * 6 Minautes. The 11 - 30 second estimnatvd tame ee stimart of e'nvele'pt.ent
coincidtes with the approeximiate time of the firbi major 'dose rate I*- .k .and the, It. niiar.ut titne
is an thea middle tit the sulaseq.urnt dose rite peak. Turning aigain to Project 2.3 dita (11--terene
20). at H -30 seconds the estiimAted speat.d of advance of thet- base' surg~e aS aixcut CA) hoots (1600
feel j'er eielcaicurid sanl (flie downihand turvitiziI section of the' base' burec' is reacaghly rstinnatted to be
I ,200 !t. t f rova outer adga'z toi inni r *'utt-e. Based on tIIIS. ast In~ts U ie O1- 592 wfiuhci have
been e'nve'lcptt for approximately !2 seoeslns. This, (It course', ats Unitb the absencea Wf an .
Invisible avrosol following the trailing edge of the lAse surgei.

A cectnid estiniAte, as available from Project 2.1 daeta (Rt ferenr.' 18). Itfil thetse' surge is
considcre-d As a stmin-infinite radiation source' At the instant efl enle'iopintient, An infa:nate source
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ikvktvvrage dose rates,1i the v ten: Wakt wih tthe :1 %C ratVS Are hall cif the huxlijYiti I vAlue are
r ~e~c rst. t .. a-1e1condal I diay fouratejth d ofil the c.)cc:lu Ayr curre-tecir d il a'i hii. Assei*at

Out he surce somnethingc loss that n emi-infinite, then the times Wiould he H 4.26 and H#.40

Si-iilolt treaetmets ivicAld plAcet the time of enve~lopnie.*et hy the initially uowind iier-m"n of the
biase serre at 16 2d15 aindt #f 435 zwronats, rehipeqrtivvy. This stigm4eci of the bjse surge was

grealtyl. *tisperse'd and diluti-d at this lint.. compared toe the~ dowwnwdist mil 31nknf2 the tille Ofit et
pa..ej!0 ovier aid Around the DL- 592.

Proijcvt 2.3 haui tOW type-s of Cotlec't.4 on thW !,qin dIrco plafewm of the DD- 592, which
yic'lcldlt ~.-d Itle .i- tent tiroi mii~tion (flcfe'resic 20.).' Thii-ir increment.-iI ?sllcet ealirctors (IC0

* :t,,t .3r fiWli'.c ci, --r.: ~tAFI -AFP 1 ~o I -rfli ite .a cii 2-inimitc' mere o na acjl' e~w,

flmicr,* .azccctct e: lv thin qisle~i :viy-Iws (All -rr.-ricet for cleriv*i tU a coniful I t Occe? Ily an

aerb.itCfactor of 30 fior starnoard IC, I5 fcoc- part IC, aced 8 for AFt. The, 11 *2 minute
AFI bA111;4e icclude-l.eid *-.tr in rsush qtuantitv ais '%uld hce detlticred icy a twkcvy rain. To re-

~I View a4nd iiiinimArlze': it lb estimated that the n0D-542 was enveihpýct by the base surre some-
time lxtwweevc If 28 jcid It * 30 seconds and -mervedt from enve.Icipnwri at jheut H . 40 yecocuis.

At H.4 3011sevonds, the Ibase "ergo w.as moviiIit: At an estinmated ipeed of about 630 kcnots, anif turini

or imnnwdiaite*v subse;quent to the onve~loepnieet, there was proleabty a twavy ralnolut Of WeA W-Afr.

Fallout Colle-tions were considterablcy 1greater durine thei period H. I tea H4.2 mioejiies than duriuw

At atbout It 285 secounds, a st-cond cnv:.tecpi nont occurred becausse of the plassaege of the u-UP
wind sgineiit of Ithe tbase barge. Tthiaws Winc!Icrne- and there'forer moving At the spetd ofl the

surface weinds, About 20 knots. :his env'-lrcpucs'st end~ed at alseui. It +43S secLonds. TIP- oiutline
14t the shlip was visib~le at abaout If t 3A0 secoicetee, ane Indication ecU the distiprscei and dilute. nature

* of thcis el-M~itcft of the biase surge at I this; time.
It e'e~ tcot pobale that r~daCticetVe .erosols werre drawn or forced intt olm-n venits ti~lon

AndfiAr ir sytem inthe gritaitem~ amoutits during or immetdiatel y aftitr ".s&ice of the v's-.J title liase surge.

3.3Air S).inple Diata. Results frmteierrnntl ar sailplers Are pr,.cc . ted in Tablce
3.1 :as total actis ity collected in.ealh sanipteir and the percentage'of this totil thaet .vas found in:

the five stacticr of each sampler.' The tiata w-ts cermscited for decay (Project 2.1 !.esy dlata)

froni time of count ini 9to 114+10 minutes for compirtson at a commion time. The tc'al air samiple
dqeta is presente inTbe32,dcycrrectecd on the sanie busis as theinrnetisnie
data4, ancd -I.su in terms of fissions as de termitned aftcr return to NItL..

The activities of tile total air bairples uidt the adjacent incri-nwntal air sampl-s are appreuxi-
nmatalIy irtolortitinat t.o their flow rates (1l0 to 1). In the crews uatrw hereIta we-re not
adjacent, the activfty oft the total air -ramiple itaken in the centre of the comnpauflnont ne#ar the

* evhes tcic'nal) w.as ejuail'to the- average (if the lIxort and startaard IncrcerientiI at; 7Sam ple

ativities1 (corrected for differenie's, in samyipltr 'flow rates).
The datA from the 'incrcnent4n~ air sampler shows thakt 98to 99 perrc'nt of the ;'stieity: Sam�

pled was issuctiated wvith pa~rticles o.qual to'irls hn1mco ns~ n c edl
.iil'cre .ic ri'i~acl. 4he princia Xc31iu slc artisrhard sick it- o the uigake* stice

wheri' approdiin..c( IV 15 perce~nt of thce activity w~as asse~ccatt4d with'particlus Otratc r tlean I
niicron a ie .

Iilti~i d Table 3.1 reel .e~hat star keArd side ve~nti aticen intae and uptak C.ae olleC-
r ions were ill gire..te~r thatn Ixrt'stie Coj(Cllec cos ilc' t etwiat in the galley the 41pprmete is true.

Co-.~diatiisofa''w i efetsr due- to a 210-kant wind fromn starbioard ito jsl rtAnd h nta

pjsA ago rf the hac.e surge at fi0 knut!s Owen birh Convent r;.1 ions of activity may haie. be-n
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I ;:i 4tutt :tiro~l i~ .i .. [a'j~t*- Ts .r..t IS! I,'d tit, .1'..%fi it I h~t
'ci:: . * tl.- -, jf'i.lirai (.A re A~.nzit~t. j.c,,uaiption Ierc,' h O.cc Wi1A t.1,11,11 unlclocrm'

1v cf- cr4 .Ai~ii.' :itifierti4 from Utva %c irncty lid ha,. Mship), than .l~i rage. Aicii ' ly Cac..aautrit ions
[;~r : C:.' dnyl. R,,vuLli I-' j~rc.!vvrttaema toc the 14111A beallit'itcs C.. iae. h'hh .Acid

low' lre~'cr.'a.'.msc to est~rtiird &laat loort ceiaild C4ause dialcre'ne.'w in cAtritifcei' i-oncei'trtalacmix

itac If Acrt r- cf-, Ia't y -N-w Jtaffe'rvocnr.'% iN cerlu4ward sAnd putrt totatl S.Iiiipitq vC'fliai'i,n%.

'Sirnl.ir fir Ui..~i iI4toy to fle' j- illey viiitlati~ltnt. Htp. re fi startl~csAl naullirelec iitmiy-yel

U411.0 ir.4l, ae...v Lc%.' l'..a fit lite' tnw'prvssuc~r. regimlit ithich is Prue.'aed lyv a wind .on lop ofi A
it c icc' o'.the' Aifidw .ird ellp'. lhuý§ 00laern hiw'. rO.aurt to the' at~arltcurtil side.

v~l ti''. rils air current lisuuld lu¶.e little' oaIwl'tlicattly !'ait flaeiaca with ai f~rom ehitlu'
1011 1 s. A oI''1 s i' i c'Iihtv I t ll1.6t I h. M 3 rtAs..k'rd s'amcplae It W.1 11.4 Ini Ilk' lrI fit,'i ~I IAI itrl W Is ail

.I I.'.I f.,i~, i. ll u.'a1rY, Jad Al'l,), Ill list' V'.X- M4 the ujit.1ki bp' s..., the. jiruicaw'iil .tiiiapalhaaaiv

'n th-vi' it' .10 r- m, I ho' I hre'.'' sIi niplecrs uoil.'t-vied Approxin utaa-tly e.quaossumm.icct.-t of wi .ativitly

11a.;r'',q . voi a Iicceli Iliat thiz; was thea. rv''u Iot f usa furial cowf''.nt ititions (it .IIi'. it) ilylti
rmh a r I.i IL:1,. a ot1 :.i npll ang dili 'cu:t ronceilact r cti fi[or coniiiflhtA'l5ioa : wit1,4of a'amphr~igip1
S ."cil.:I'. r :1'..:k r 130 .,c 1 1'a air' d.'Ilivve'rd lry aix, port buhipliv sy't'a ;uctlii'i oij ~lla'a'itien

t waaths,,t~i of filae Intat~ke s.,neile'. S.'c'o-r Numlit'rs 311ai 2sanl' l
(!,,f%'rA.'ed~:~ st.i r twc~erc '.uppIly :sysatemn, .c ii .;jntcple, :axiictv collectin uA e'ro' ai~a.:hilt hildwKr

The' .tci;A ay In 06l cr,,ws quiarter-. si saegles (Stationsst 13 aind 14) wv.rv, much less Oustsn the
acilvitY ina fh.I' iakt. i air saaatipe1 tlhaliue 7).' This ditfri'r'ece. aaiie'-td Ili' due' teo .A i'cmbinationa Of
th~e Iclwi.::() cdalllna due Isi naciiicg vinth clea'n air in the a'nianjartnat act, (2) as ahort sampaaling
taiaa. ;'. Fcir-I~a to t he' diffuse-d shl'ata iA ttic' volume' 6( tconam~ista.ietd air wi'rr:i'd iiinet thae air
aija.p..'F, i:.ti t3) [lo-..' iul .Airborne sfaatt y alyc. to, etai'pobiitien a ducts .uaml,'r 'cinpicrtnica'nt.

f c~ Ilaili of ahe' v'ntalcAui~l compar~utmeant ~Airlouw tcharacet-ariaetis gave'n in Taufle.' 2.2 aindi-
( .'.: a~ JIca ieaatelrial tisu'cl btý iictrullure-d Into r'est k'acrlaeats -fit rm aaa ia'aatt.

lto '.& una 5 ro 10 ,.econids ~After at wsias~.i~llc veaisteicition intake. ujw'etaa:ý,S. The e'stimated

tll fwf.-lt fo ttae' higahesat concaeentrations~ are short witha r"Ieauct to tlb.' lfltn to crigaae'
JArIa~ M 4:':~rtmnaat; henacee, lilt- vuiae riniaf such :ae'ivtty corient'atiuniiL,a cis svianiv. fracioin of the
traaal r~waraa -'unai'. Thea Iccr ofceu iaatrviduation,1the semull volumvs with respewct to rtoom:

* aci'ntls, l ii the aIce'ry o Ilcba t'w~'icetal votimas its sAacllcr V-cluaes lay the ve'ntiltioaen atisr:taea-
tison *,Ici *sa saryaaa disUeaa'as froam viiihaustlte'rmafnich wou~ld lead ic. thei t'ticwlusion~ thatl tli're
-A.A5.s oiirtuaity for uniform ;left. it) e'oinetatFaitAfiti thrcimzhoutil ;I ItiM 'naiisaprtaite~nt. It
sta vr ins ~ ir aallct Ow.. shamp.. Ile'rs weare s~aaapling da~c ratv ,atumes cal tutai .anatnti'd ai r, And
V~t v.1 .' ~e1ai c.n'uat mixing -'xc(iaa'r the' :t (.aubet It rinaaals. 1U tac rill dad
SA.ir'p1e slaý-"rt Iaao!'lunirs of c'ciaat.'minsto'd air, it is prolaxitcle thaet the coiaalianaaatau Jair alinitrillutt
tIn tý' ciaaa. .lis an I!,.' clamlxartlaii'a-l for a tio..e. percexi hoabh lw!-ie artnd alterc thte b:Ataailaag I~iocHi.
bin', tl .'.-.c. is~ac' a,.. e vit-thint: lucs tfaoaa''ci~ ar a'Uiva'Fs ia: toa &ais-- r~ata
And 1.na cIj. rc'.iti ltc somae' urakaillA''a dt-tice' for fix- :absui~ p:io iclael uniformi cli.'raltcioan a1. radio-

.Actie.' n~.i~te'r..c, %fa~ch sht,,".ad pro% d. Acn ovvtrvstiaaustC of dost' rate's.

3.1.4 ý_rFfJIk s-i.aaap r~ita. TN-' data is pr si'nted ia'. TAiu;e aus thf' tcount r~lte' at the' time'
"7 u'.~ ' h~ .* *PV.p.e', I'itv .cti .'eanatriaa rta~.r lc'-'ini the' 4r'ujl'-o In , al ht

* ~~~ a-.1 hits v are' ici."-utae I'icshu'Ar the huai'alizid :i.,aj:v -A' 'il .Iiciit con. In All si.jkfrb c'xcupt
...ami ý-tc.' , th'i''..cazjii. ci 'h. a sliirz. cc a..:afirint ala paali ' '1- *A.* ' t wi' i 1 ('tc n on ci urt 4F el 'io s 4car

!--;~ze .:h .c. Allr sam~pler framaesa. Tha' datla aindicte5s litleli d-pos it tion on ducks or L'ulkheceds
u.xci ;x i.- Ihe ujitake space.
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I.~~~ 1~.* t .1 st el..tr sn- .,r .ler .e.ej tut. . iýWjzor tiir:ýs,.a

i*ii-e, r w:II.-aireo i; ~.nr u i. elite i ndisii w I I lo W, mit I. eki Ze from tfil.id! tii irkii c.'Ui(I bij; 1,416 e c-
redicil If pir-sur.i w-re* raeseA try -wend or bllet surc paissar.ý The ee~ncc4teeMl t

collecioines r-laot hie depiermine'd.

J-2 ETER'A~L IU:ADIATIOV

3.Z.I F~ei-natess tif Esittrn~al flai~eAlieect jliiec ýiiMo- to ithe fieteress III Ctueetatmn iueis Recd on
4 .TRt 11--a. All 51) 'it ;nu ti.. raites were' Cerorrcieci tor cler~le~lav lAiwi Icturie utee-u Are

:iin &ia.tew i H) tIm r hfr .!tiI 11 -10 .11l. 1,1 Siie's 2 .And 3 Ve'ro umijie lr *xIlte'!W Ckhl*

oi stwk, lmt*C.tus4. 1Ph.PblI 'Alle ':.. art- sii I of'IIe e~ ci the S Ilip j, S III.- !rl 're- I ieSI e~lp~
ilct 1 cwvr tim he d. 1 . b ivrte ere. xnsat l ptt 1~r emr It 11 .950 4veriviiti. $ -The u~ ~e

rille-*.ticr .ý7 -l it.'rl;it. l~Ceie'.le ''**lr riv%ieclive alv .e or [Vecrwrrl~ci Icrl-
..: 0 rert. .1it d,-~ rutte. leef the. ee ' ei t .1 i ''i 2 A114e e ac dte~crc~''I Ltin et i ere

slits *x ee Ili Fitc! jre t.3 cidl 3.20 Ftc rv 3. 21 i:*Ic ws .l cif (.-the ceec ne ines eic ite-isl lt etit v
týorrevtel-fl~ rates'i-i n.,rliem-d toe the v~rt~iig of S4tmit teec. 2 jljtd 3 At .16 s.eecndo Ti ie

~tleite ciIir nasrmnld eeiormcfl, 2w cause. it I% h IIme*i of wa.e iiiwni dolle rateis cte jr flu 1 xe eeis -
owlii etflt el 1cp.e'ni at :ji..1 LiI V all''e ,I t1ie %t.1ti Ieels on . Ili he It: . Fic iri, 3.21 stlx 's 'l e t en r .1 1 crpitrats eec'

t*o isiee~*cetim*:rat Cs tut a r e~t a iltebl#- leer use in the nit-i mal i mgt t~hlqeehe t I n
Me imie 1.3.1 feer c-ýI nti hit:i delsis r:eteie dlue. lot inqrsS. Numerous alitemlfis ate useret the te-ch-

::eetee Owlces ~i c a thee 1eeruid prior to it - 50 or. 6;o seeeconds was. he' neect s-i seitcicvt. :IT decs,
* ~ ~ .nsi is uiirnc~tecL i ia n F ietr.' -.1.21 it twill Ilie nectic I tfha Is, avee jv fo~tIieeibr ?'lat eoes 2 ief afl-:i

SI .eisi eCco E el 7. r. p~r-setcei th xt ti ii- ot~~ecf lecieci 'ti 51 dies, rates dlurin t1Ih is peir text. As
ijreceeeiwevisy e~i~ for Staition, 13, the lutwer It'c.I sit oth leor"Wtrd 'untcne revem, tin; proSenfc~e

ufa liee.t ri.lcleiwen' seetrcee is appa~rvitt btijrteing at H 10 e servoids 2ned etlimeiteus fists setatism fo r
Us~e Iin IhN Tionrowizau tlon It-chnituii.

The-.tv#,rteeteu fur .Stjiticess 2 aend 3 Meie StAti~nlS Ce acid 7 were niscrniAlim.ed to) the Int.4 linsell's-
rcilf~ete t cmct cii. .15e ell.kim i isil cIuw, to St itl~lbiv t he 014 C tY co lecieil~ close raite', whic h

A411.1111 leiie c' 1t te. o-emoI ii ed Ija there Ie~w. ime T err:i.%% of ceftin i ctionis into t he %hill. Fii.Nrlesl
1 .22 fihreecceh 3.:9 tehew 'uch iiirtsCreS 31alltUsd the' ictital dve'eaV-y ' if' dbese. rates.

ilVa1rietu -US eleel fl$,c41" IVIt.

The. itureie%,.lv eipe Its i -ttrmeninent the' niermaiizatzjion I feor .assume that Oh- cieray-
I- eorrerto If ttleriess 6k.eo- raletee i t . the 'ibfferenvlee Im w intCf thi- lelai det-ray-e.'orrev~te'd dois. rate

h e e'id atrt.et.cc :e-irrece. feiflteiss riens raee
t in the woc~~~iilui r er the stamit

at 30.f :s.C tidt.r~tb x ' see e:if.l vet hce tl0 crsete'i4't (,f St~ltions 2 acndu 3 were weed ns icermazlaietd
r eI.1'.-rom crre ji . :cri''tsic% rate S, - eldIh thie d-r~tv - cer re-cti eiIre: c'ts alme e~~ratee wo*A rr INh-
* tem*, *e' c1 ~.;eru4, .%hvni the :rac c-res cill ti~itileis 6 acnd 7 eeere. us. if -iiie~~t.lt

ed, caii - ccrre, t N i :;-cit :rfe, t des, rat( s N~rntaliza i ten lita her %~-c e te e ueCe-et e e

n tic et~ .* I tIe.,. !i- 1u title? te is are- tl~f~ cii raslel 3.4. A,\e ea* rl the-' V-ayliltr re id
rme s~t i- ler 61*t,.. 2 .etme 1 id e;..eisl 7- wore' mutit:plitie' loy thr-.~ifcitteierl~l/c Ef

:.whcir ie to .0~,171:.:d:!- cay-ttc ae-cerree ted eteea- rites, whidt.h eiwl h teu~tirtlled from hthe eel,.

t crc d tr~e s'sc .411 1: el.etla, I. A%4e r'iwiu efeqrs iett arti the Ite rile etIflte-of.e -

A% . ss i ctide..: V~~i:.:rt 3... lINe use' cIt S~tliitles 2 alitd3 -j.. e, a teel 7 !e'r these is m ctriaita-
itens Ttc itr : the *A ilt, ii r er. :e; ctetc ifiiy .roterreeiiile~ars l r.ti, v iitIncate's io he

$ Iet.,I,% . a.l !-I se:.I ni ,. '3.3r) I hrec'h 3.37. %ceCtv Utet itrire're.us: intanctti s ( f n1fliJ-

i* t*l d.'-v r-Ie-b Art- le'ufid. This re suli flewt fwM art~c pwie as tSitle' ft i tInasceurteee-.% in usinic the
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tion !uartot.

As vi~ttviiJ, Itas N-st .%vr:rmo-saelt lactla.ven tkse ft sets of vi-lim~tia'd iovit ratAttAM thet lI tlwat
li ,.at% wlu~s.ac ccaJ m sit Us l~ast-Abttsw d -onip~trlnin~tt 1i'w' c'* a i.'nrir-

t~.1.~-(arsestal. doilaaa. tites- Are :all relalictiey comnttAnat hY~ H4 I N'air, the' end ra) most
11ila I It. ;a%11.11. aIsat fl.\Ii thla.tiil.', It, Aas ;asstaritt' Olut tlatict' dose' rat"s arte priw ajajily flue' 141
act iltal laIcAra :4s t14. it sult 61A aini~res. Lickraaag ilv 6t~ia, it li-A 3S iabSan d ttuxt (liii actl tvity

.Ia i1.sli aisaoita.dpraccr to It - -'a) ermis .iaai U.At thei buialthri wcur r I'lIa tv, es n It .0 And it . (4)
,a'* id*T!, dait lii Itiw.s Iin F i .~urvsc .1.20 inmr.uich 3.37, r..jarisccaat ofpr's n~t~i5C th djciir '

roar ait. I ata.. c r:aers due~ to at.-.aatd.I tVl tat mta I hi( all). .a1aa ,a4as awa'a

tart~.' i~n~icr~-pa, ,. 1 n t;1 a:0li 1.A n- Iall. ri d i:,

Ilas- th.'. r, pA.i.l~rtcrs.

I Iý a.' - -a t 'Cit I ~ a'c r avl to.- arit- o rves picri'% I, i:1 1., adtatit wool~a a:1t,,rail: a ti ll r titsw- o!iii aIll itl-
iiaIv, arid ,r414 alit .a or *'ii% elopifat Ftis. T!,, y tpwaji it I; cotirm h it iv ai.IitAl twir A 2i I "tIi.!
I'� iwcn II28~ avol If . 30l ý a aiis, .1i1 Out L ". ku mc'l ar'ct aco rwa'iirat iona , ial 4A*t vi v`Awt@.'r .- a-'s~t led

xIt Ii a-c t1aaaa suir!r' froint. All tairvvs tcuak at .t itfult It 60a sa'oaaaaml, tand At this (Inca .r' all a~i~arliwr
i~a~laht I o iin % uirceis aa I .spli.tro tt. In-ars.-ss dr:y-ir wrcc aa. rahs kil reaich a a ratac-

"airin iti It 11 2at a'' iraat% pa* nr tai Ow ha, Naorrca l.t'n a aid, as ia !'N-ltl I'V Pi up-ct 2. 1, this
*av .a~rcipi.a~ipars to Nave' viu-tala rut lat. r thin iaf 0)~afaa' At .aý ato It - 200) bt-cialcsix

. ia na at' ic ra-itAsataio smirva %c :P, califc thp sarl-ari Imtaw. oar hw-j rn,: pr-'.tairiNv whO c'i ccl nt-a anala

p--rha j~i A jua a Ili fofIatitiai a is il ,r~ad itiit' flqva n -' riat* 20. d econt a l tituiv muiba I a-aai o doas(.
ri Ics ir tic 'lartiird sad,'ý of tholw'crerws rrr.ss, Mta rlwa rt 'hat taii ad dtc'ck, .aad 1ii,46w'r aliear da-ri

taniw tatialn. At t~htruea ail alt this.' hxhiksii re atilt ulwaival, (tie reaik tb,rav't, -vortreti (los rb*a' tae
nu arcata'til to tIN Irkanu acta'.~rrtd la't utt thoest .1.4tmi dai fl~ataa, the bst~ow

That- det'jty-t'orrc'ted tlirc~ r~ates t-cans .id ito hbe due~ ito thea anprrs cal vrciart iaiiIts cth
ttra I allot dut. only to chlitapuato-l :artlvt'lty F; ,iris 3.30, llirnauah 3.37) witrie dividatt'ct y tic'. eatca'i

Ilictnar s W1air n ApirA'aittax 13 to oit air eslitiarrj I cs jt tla dance' rate~s di' sal aitsmri'ssaa Tlaa ie' fiiaa~v
raif a. is nii ats (i aaauudisatires at a' ;- talutsl xi-A're aro aria'ratl lv antama.ct to~ givei ilriac' ..sta iautit s
is i a I'( :ia. ire -antt' ini Tja l 3.5. Itoo,;a :i:c iSctIta iia rt i )ae JaIIil' il'riiaa au (Ia sac
c-srimnilecs, it is tot be' noted iiit t a Iar:iav o esr ii 0achia Iilatarwa' Was .lauml:~il ad prooara to O1w' Sc-c
.'Iisarit Isc lc ltft. l;)invt nof the' -itft r'iaia b 4 1twc iI tib, dia e ii-c'6tifli~at c iat ca1:l1 lc. Atrairn ar:aV!k
dlie'i ait radialw iinnI ar ~adaljw,-iss ia:re-s~s sp~iýh . Stmst lis 6 zand 7 wetai rimaria- I rariIns all owr- s

sacr a , ,.hl r, as, it.aimaira- .11.ai 3 Air'.t.ta.' ?tI.( altar Jr.razoa'aea .1isýjt ar Itc .atcr 'ipi.akk-

kat t1arc vt r, .thi,% rotaa~t.ia~r 14. ;, a ipjalaat lic ala.1.0 dria* a',!in:..ic al tar (l~a traic'
-!.ir~ , ,ar ca...-v Ithis azmýa aant'ta-lat ii-aa ant' I lýr ate 1i4: Ita ra*'.I arlala Im,a 111N.

32.2 Ftl-t:rat,% 1 4t -1:11 r mi G~aainm~ mi~.at.aýi'a t Illa c Airtarar -A. hi itt:' maila Aiixr Iaaric

a 1 ~rl~as'X-1 a~ts ,in. -1 C,,::. tit.%.ts jtai-1 ;. Aar I-:.;. Iat i.oa r~ica iac~s
-l~ .I,-~ a: v -av-tý'aa la 0 a0 .:a0 rat.a Ia.v to t Iar -I ýsc al a r'it .aa.io:.iaI' .ac iaf I. i N, ic. .r.

..la* ai ad hisa.1jiplwt6i ti%,- ,air .. :.t cl.araa .a4 !ur-caaiaaa : lair.. Vii rc !,ar., at

.aa' v . .a "ta:ais I ta divit)i ma '-i '.is .ka .ra:tea I :laaroAitrr 'rutlv I tIam a ftil ala a4lllia

A..~: !1 : .i a lt tattc o aac a ra i ,. . I to a r ; taal.tl .a~r !..a~Im; -A-s umids.- it %RM31 I.aa a'
ta .la tl lIt- 16 Ili -Aw,an '4 a.e .: Ai ar sarpi.alc wo aic Itic ,':.,V n. aia!-s Sl m.' Ia tai-aIy
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Al'i -rd k.A A ra.':-....' iac at". %- .!..s-*, runiitti.'. TI. t i.,lit *iz3'A.' sir, eunw.d
&n-foini'runler, ind 'Jin. tj -ebw -i mitin acid r.-lit losa -if iisionis fit Count rAte tlirerl-

ang for deeav), the totw air -,Ample Count rates we're roio~ro ted Its, f ibsonm .and are' r''utoi in
Tible 3. 2. The ..ollo'rtion of ih,*sto nissiiH'rs ofi fiSSI(fl.; IIS 3 A iuit.o'tllihni 0 n4 I Wa dA.&ermn , i lws
aind ronmrto-ti to dos~e retocS asslt tirborni- c.)ierttritionis 11jiing Equations 1.2, 1.3, and 1.4 as
A ptproiiprit.. The es~tinutte'd A's, rjlt's; AMit CO. *'g2iu','iita tnS for this fir.t IAin ts ,ftrri slid
.Are ga:.'at in TA~l'.s 3.6 thro'ugh 3.9. flio;cs istieiut.'d from 0. thel' dose' rtets Are pn-mi, *14d is
Tibt.-3 ~1.0 (onflaittng the frr'nIi.uethshadie rki~t'tisu'.at 'xin t.' low 12tic siganiforcaltt).
For tho fin-tr'wna, it sis .ý,U ni..d lht ridac'.wi~itIt !rnni bolevl'r risinga IcWA-we' wis i-itriviueud

aa'to the fir-:'re'I~t I.t 1f* 0 si-cends aixt re~m~iiiwd 1hrioughbt" i te upaipro.Te.ru
u,: jle' t'wi, rt-proso'.nt~ st1"tte a roltnat.c, vostoil~ rate- (rotia-ixlI Com--.'nt ritin) (fir tht* total stinpitmfrw

* gr ('i f 1 20 mntit iiio Viv '. con,)..rt nif' Kit l h Neto ta''n ild,A aid one twmis to r e'utI viatal wei atrlow

3.2. E~stinaltes% 6f F:'rr~al I Lt. itatonj Mi.Nf !tw,'I tO fsoslvitd Artivitv Within Tu'id Coti~qxlft
Mvtit.ý. To ast gn)ta'tie Owdobe rate's dtue to de'jp*aatcd activaty, I hi Iui'h.'st surfice '.inipll1 Counjit

ýrmtp faor the' falin slide collectors ini einh 6iompartmtent wAas u.'.d :as the ctii'oag rate for 11ifa ha'
d'i.'q alloftheia~h'd i thM vumarniett (all tAalkhq'ad counit irat's woac't hatlos' im.,k~rrind

At tinst' if coluatittood. Thi'Se ce.uai r~ates we're' uisltitueateit n Equlo ajna 1.3, and lite- H * 10 minutes
Tinse rate's so t'slflhti.'d aret pres.'imiad ini Taible 3.11. Comnparison wiath life dobet rates eta-tiuled
for .,iretnrte co pa.i n oa Tirts it It t 10 titaiuti'S . n TbI I t 's1 3.6, .3.7 ,and 3.9 sho.w thAat ontly in tho'

galley ciluld etipositeif activity bet caiiide'ied slign~flamiI.
Th#' dose' rtit' etitnujt- for the, zl'at'v at If*;. , -%iailutet, front Tible' 3.11 wia e'nri'.'tst' far

d-ecay to obtatin e'stitaitus ftiti'sae rates fromt If, I tai It 10 inaiutes a il at H # 120 minintciv an-

Supinatg .aIt nite Ht'il deissitid1 by H - I mitAteu. (DW'.eay duta from Rifa'ro-vtee 19 'azi utilized
for the ata s.ruit H - 6 Io H - 10 minutia .ati*tralsliee as~e fuma 18 o f*3

SOJ o H *6 nilrut.'s.) The dust, rate' estintates ;Ind the (kise' to It *10 tiajajute's are preszenteff
in Wible 3.12..

3.2. Sunrna 'y o F it;'na G'.amm~a lDaal' Ebltiaut ' Duei to the Isigreis (it Clint. nian'ants.

'T~l'to .t g nil *diie liC ~ilre a .at'h i~tconilmtn~: iiue'n :asa Ii, the vrious esI intated g'amiinaa
0d se~s due to t I lingr~ ofS eit~q ntamitunts are 'resented in Taibli 3.13; film himdre iloses arc
34-hour dr~e!;s (Rlefeirunc'e 13), GITR ditscs vary front alpr'mireanite'ly I- fta, 2- hour dloses. TIhe
intress dos- , tina~t.e's are round I i;N'rcs, adequ~ate- to're'Ireseitt these' estimatesi for I to 24

~iir.' 'uiwerrtjiwstc,c4'injicreit in thae liisic ctIala andl in the' ati-quipfioais anad fl)1a iiioi.'Ittli'fl
used in "if, stiiatf'tinioIvi' niijaes luve resulted in a wide' range' of v:elue's for thi' iligress dos.'

C.i.sttia Of the forwardlihndt after firurawana iiagress dust- -sh ani~ate', indivate's that full-
11,1-1 .,.-.1 rjtwn of a it rol a' 'fiild result in haigher thiost at %ini~atas Thain tlm'Se Pri-setaitd hvre.
Ie. *a . cointiustiora virt~s would c'ause* gr'veier uv%)ii'la~tion of nihitc'ri~al thAn for either of the'

*Two Widtions aia I -use tebts. Duroing ifit, tosts, the- aip'r~at usag tolur w~ai firild with dieSel1 Oil
9.) o. 01'inmalnur.: viperait oml relaliability. Thei use' of et p' ieur Wia br fuel w',pedc re'sulIt in

stioc d 'Ii 35' its ei~d the-re.forc .tlmi ine'rvase' the- pri'tibetaity cof hara~ir tif-io.-Asal off radioma'-
* ' ;niilatrautl. fo ctaanjte "fftl.e Tosgiatude' of thia-se teffa ts Can 14' flij(k-' Itiat is must rimb

Able lhit All ina(7'ra'a in d-!ie Woauld1 rusult.
-m1 ofil , ingr4 bs 5 d ' .I' 1-st in'ats ic ttl S1)i iii' te hit 14 i it lt'e 1iii'? .4 iltji'i hot

ee .t ia'..ceito c iare, tunv :t li;'f toa a third of th'. total A'I. for theii",t .in Ifhaust Wiiield. d Coinm.
,,.trtni ma t ' ri -pa41t ii ly. The re-letalie' impo'rlmq ofa'ci t?x i 6_,ro 86 ciist' i.-k thirt'rafer.. A faaaat lan of

The ,:alii ia ItYd the, ship's !strutcture'. For mea istrai'i' opt r~iing undo'r the Clrr.'um-
st.rtv nc-icene'untpred in it.' se' I. ts then, e~ven the nuietnium ingtri-ss kIose' q blnltmits; ;are' -ec-
exuLry to the hig:h &)se.s *al'.ah wet're mie'aurtd on l ightly sho dil dd iumpairlm,.nts.
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.it.I' rIO H v 1).! 1' 1i .1.11 lo. it al .iar; do- I..rt-' a.l P'ro.e ut 2.1 filmtid,,

4gs. T!.*ielN'.t Is rvvU VV e. I Ste lit 11 S i h. .11 Uodntatt ILIt are- pvc- -. ntu~d in TaI~l. 3.1 4.
('njEet: it IN- Slivt Watuto LitAj 'Ai ilt h sh.It' Cietre1I3 ictu (vorruI~i'i fitr 44-ca:y to 11-*22

h'.''.'. I -ie.5siwcittiw.'.,ton ofiI N.- ri latt ve' nMA 1KIII III.t~ de'posts.41s rid wmct tie mate'rial. 'it in -

.11 ..,, I.t r "oruprtm-'rtts, doise racle4 %wret at 1. vst' 3 fIt 4 tameis hither azwi is-3~ther dt'ik clobee

i aiws Ac're .ner.rAly .tts,'c 10 t antes teIwralte-r S'hil W.NeItu et' SuiVhce12

- Tx-lly -ftiiir'our film 1,its!'. lo.'es (the' .ii-~s,*ra from" all himi Itadre~ arra.-s in eterh unmrirt-

3tet~ re piresenwtid ttt Table' 3.15 for the 1)1)- 592 fdr tisth It hos, t,,i'.'thvtr min khi' ratiu eof

tWjIko dhose's toe Uintere-tia t,hses.. TVe'te r:etit'(S vasry trar 2.5 to 2.9 but rv'i'e.dJ mia iel't if,"
'44th r-1) .ct to) ifllFe'SS.

In iirdtr ito tmietk-' n.nie' rmt,,'I ar. son of I he 1'r' s ot Sf iinzrf rset, the- fIim lvttlier Jata has h evvn

I1 it' 'It' 00tt%c .'Si tIA-is ar II .in'lti- tr cin t TA11l'. :i. I,; fo~r I he' I ii-592, Shonts Wattnet AiitsI C mhittl.' 12

Simil ar wee v:A !-ti.. ior the ties w.e rI ee i'm irm (III opes'ration Altttal iw uuL'tU ietid with fitl am ecE

.-id GIThl'O irr p'rc".se'iterd ri: T.04.!e 3.17. Cooside'rmr,: the urm-.'rtaainit iii these e'stiu`13t-,s, it

aptiil.i-i.a r lat tit *l Shoet 1:nibtre'l Ia, t tietf is a due-( reIeiti~e svdt with d istatn'e frtomn
*surfacei tt'rci: tor Shot '.%'.i tet, the-re is a ctrrreAse fron .l. [)44toter)D.19~ttt xh

* ~~~DD-5,02 .andt !i)- 593 itiiI.vs!. dose's Atre atpproximatel~y equial to or a-re-ale'r tJ~.n l~thse! for the,
OD- 542, . tUr Shot Umbtrella.-

The' tttw-:oitu'k' (if the- dto,'- IIt t fie' irieri wem, r'fl.-e93, afteri Shuet Wa'.lm 4, is vie'tl'nt in .121.2 pre-
* ~~~sf tii't by P'rotect 2.1 (21.-fer etle 18). fMrzitig the pvterio .ittcr the- shtip vi'nir: from e'nveloep-

tnitby the. lease suri-e 4)r cloud andi pr ior leI, ite thettu hit the' shut pre-stittably twcrtntc surrvuuitdý
vif Ixv ('oftjtmtii6%le'd uAaltu, iCe., tet-twe'en 17 antd 50 mittitilt 'S .~tltr Shtett Wahoo, the' tlose rile's in A

ttolrt-r'ount we're ocn thehn ls at,#K order uf t0 times highe.' tit om1~i'eo the WaSlii1'Ati weather (leeks

nI al~it 100) timles hil'heir than it. do et,-- rati's in the, ad~jacent vie't5iit rooim. 'the firprestont Close
* . ~~rates appruxiUX teta dcaitCy durting Iltii: per ite ant .tacipp -~a r covttte eisie'ly lto he due. to dc-pets ted ratio--

a-.ctivciealvi'rtA iti the, Ixetlt'r or bole~lr air syuita't. --The ilose' for this pe-rioct, zipproxintatelv 35
II niteil .4, 'A-an 5 r. The tikto' tor tthe i.eclit:ivali'l trl p- ittA iii theIireritlom rf thte W)-592 aftler Shot
Undoaerc-Ila %.-as 1.11 r. The dose itt all otthert compairtmenetts 01 the 0171-593 tot' this period was
letes thtan I r.

* Alte~r StiUttele we h hp a e~niert'd front e~nvelopment, the fitrroom di." rates

we're 1.5 tind 8.5tin~iis t'.v average' w',tlher tdecik kikt e rales for the DD-474 ard bi0-593, rviw-spc-

* ~The' loeca'tion's of the'thrirae ships foý Walliks) w rv: DDI-47-1, 2,900 fe'-M~ 1)0592, 4,800O fet I.
* and 0fl~~-5.1, -3,590 de tA-:w:!:A-l Ir'rt '-trftir" z.tt For U'~tela tn. ncitt.' i'

* ~~~DD-474, 1,9M) fi6i 1:0 Dný , 3,00U0fte't;..itd DI)-593, 7,900 b-el dwsitwtii'h from sctrface zuro.

T!;e cloe vs~'ei.maits tact the, lire rmo~eis .tri' tir 1.1411i -r opti-ratlson. R-lwt.tsic-epewratinit can-

'litIOeTIS Wet'il VineiuCit Olk-r'Alt tot ti.ieitt i~ bmi'ir at hull [745 ir ,n~d wAith vie'titioten iuyst.'Itns oetj.n.

Fur t hese tii t i, I hi'in, Ith irtere.m ee xt 'it cil iot :r-si d(ttwt Att l mole rie i'Ithan twsiec'- the doe
* ,S1 te1 .-I~ it 'er I -ttle ' .- r o lu-rat .rc .otd S. -;li-, vi i,t iiiliofl oIit nins.

*3.3 ANINMAL TISSL'lDO IXE

Coni; .e1 c letal ii &ly rii icadw t i-ti it yu r%-4- for thei 1j1it 4 .r m Animiiails -iCr iitti.l ruted ireons

i0.v*hell it X.-I 01.1lrttt e% 1:ri4 i Fic:'':re % 3.38 tirov-jh 3.4 1). nt.e -e tij'e 'tttipus I'ii'l of ther
curi!' trcli'. st aimittahi. r-jrtKtne-r cr-ures %4- re - .i1:ilaiti. it ie-Iev d4 Ir irifividuluu etria.'ts:-

..istroinetrtti,.il (G1) *.r; , :I% ,~ r, (!:rctIb(mi't olritr Ia oiulvi ti.f-le I'm (is rieire-se~nte-d by
t- N-lit'.iti, atnd re-sit .#,tcrv Ira(t . The' endi',idualu or-Ijf tutlsiott r' Eurvi s. her it.,'I puinea pit: andi

ivutsar e'!-At in k'i; "jrt 5 3.42 throucJi 3.45. TotAl tisbuil At-lt 1%ity w as IC'Uljtt'd byy
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~~~t o. a .

ýovatvlvl rit all.- 2 H 41- t
1  Idi.A4 lo'rýaid'` Ai' fore-..a4 dI ;it ' :ii 319 1iii 23.04O

Ith.'se i'r.:aivo, ihi' G.1 trict, t'iae* iou.titon, AMd Ow'ti'na ayw'ant'aetdc11rtraiii'
sal'.' aa:ifli.A ir iaa.' ti'~in ulIs'd.lii.' 6: (1) an Oi.a',n with the avreitrwt .1mtunol~tiiflb

(it rjAdI1. ItotI vs. ni~.aIiriil. (2) An 41aarl'Ite11*1 is tSe'nti ,Ii or alipisiifIn the'tivelI lotiai ng clo th

whoil.t ininwl, or' il) in aarg~i Ihut i-in lie ctanull'd with ;A lowi tfiai' (HRefere'nce 3).

3.3~I lii?,rre~ml 1h's' In Anagi lriw .tl 'Tr,'n tst . Inaswitivoit-, a st 1w w il-'oi 'aa

.3.11II) .inol aijai' iu.al "iat el''a tT~tablvs 3.111 whog 1.23 Ifuca. t Ou is'1 tedommtnt"ol dobe

(trneirr~d.~iiti~l~tii if ueVii~~t' iluwn r~. calyi.eaa'r tra (C to 50 lst'vus).

fThe n ait .into r naa ii ti * u a cc I i ' i fii i i f ifrI. 0 1'in i Ith e eiao a y a~ i e ix - r e~ tidm 1 ' ; t a c

- $ I) Ili 7 Livs A, :A i~. r pa~irl oia whi cit ".va ' .G A~i twiil~t id dhierittie th1 -'.ir h' ;w'riti. All.r the' thirid

toý.4 Ole.~ .1 rk~itto' r'al i '.Ii *lit ,atliiada~i a .i' -,

Ti.io le 'a ,.aa ~~i t !a 0,-' a'. Ii.~ia~ ive. iah'' iti % o cii ir t im% ter~ .I Ii '',r .i m

ilfu d tL .l l' iiiit til wif NO 1 .1's wit' Is i row il jiuc $w'. e ii i. vi r i- I . ...u.. le''!if.ii A~ne1ti
ist ri'tt5 If 1..6L.1, v

A - Ainatg tie I. iaritaai. cir'gais Iibitid in the' iflase' tlittlst tlw ifki'liliia (whli'ch ctititaimif liii'naurraow),

.(A, I riact a iial C a il ;are' tilit- must %tats itieto'1'I itii.t'ermI~ &iailiiiin.Te ai'ia cna slisa 11".

* - i'i~fl .iii ~ t' ~i i Cdtlii i it I r ýi i., Sia'..' i i -1 the tat vili~t a:uu .zel aIn this ,rud y.

Tit- I ihia.kP 1 h AtiiinulIs'fromt hI I' I t.!t i'Oiiia rtmenaii KentciraIiv rca'1i'.id thl'ei.~ IIIJ~ t those. mu itheliii

1a'.ar t he va i-. Qi Oles direc~tior 1 liiitor i nii a Is, vithera Ill ha 1rt for ro'swir mitory I rant iiosi'%

*we'reti' fit~i to olr ;rv.ola'r than tlti Oili.% d~se. It Will albii lit niutitdto Ii ilit fivumrl' all CAS I'S. the'

cia is.'n ci thei'(. tratit ii~ i:ra. 01'111 t he tih.' t. 'ta to Ole rtc'spu ;'Ahl ry I ~avt. Tais awgiu',ais I h-o tfie

%Aein p.11 ti'av 1) %O;Icih lif. tjil .11y tii tr thei blow Ad is b~y in t.'iI i of~m iahor pm tao ita rallt-ia On from

t i.' hiIIIIL Aht al. This ciiili' lit a uilirI el ~y e'y9's'r inii'ntAl i'a"i l inn he'ri it 'as Iiciumif

t hat tua ima is . '.% as id to yom igt li ss a i ii iraaulavi' siaiiutw- a rip ii upiiake and a r~idala 'I dslnt' In

1c141.dull o .i I AiuiU s If it'l y aI I bit'the 1G I iract Icoliflichir 't wait i the iii cliii. -91 avitiv'.ily in the.' tuaist

Finio Ill', it 'all fi"ntiate' iltiamt l~wiiai' sa'zi In t'ct ar' highir tlun Its's.' in fll-i rtitfle P1',11.i:

vlaiwi" a' r ht:, ;iv i'rmil alas vraliia .acn .'ii I e'xpla iai.. I by INh, dii fv :r aý:t i dt iti vlulitti rof qui'e'd

4 Ir 15 '.c II i- 
"In I~is xa 

i.' 
I~t~n ,)' I-

3.3. 11tir.ata- I,'a Iiterial ,:i e fu''il Ma'il. Xs prfnilitusly St1tuldI the ciiaimspgwscaaef

fior I i it uc'; houaus.- Ithea '.a' ula r ri at ý1_1 am'1 iI1- init' rtota- sizl 1iiat ii'uiati's is quaiili stative!)'

binifii r to I aiiii -I .~in. t oi-aIhe' a' ilts t i1wsaIdiSiLli'ui'afa1arg !~a

* . malsusa-al i.. ru~~Sisa it) W ,liu atac Uncibrili iiatt3d ltl, laii ilt'.ir!y ill t*ca',as Ithi' nitin jliail it

aiof ,fi'.iit.t.' r:iiuua.,aIli, A%, xabprobalhil~y 0i.0 maIIfllowun raillia thain ii-I UII:s. iiitlv ta'ntm

IL.ra -a.itard I h. h.i illht 'atil The ia;:.aIt iut chinntlta t'rnataa 'ils .~emtha , I ! s. ilaawirel Thrat IMiM mth

titnic f I'.1a iatoia t ill tilt', lainI:s s-i vi ry,Is.airt, uith A :.ra--it pi.rt cif tht' Wla'. tiy "'mot:e i in .md

ivit tot Ow Iuu':,s aio 11 within 1 tiutir 1,11- !, ra iii' IC.. oiM* .- iii tIA, (; tij 1 ia l iii' d it Jint (of radiicac'-

hyatis 1lar arn Ow. S!-ima-:~t'r~~ u-ni afa 1,a 'uis 'Nuf iii- I iltalitaa iifltla- nul tit jiv.4-~tied

miaik -se ia ! ' I I~ tiu Ih a'wIi.iala n.ti . rii.a a'.fitipo triti- thea aIII ItoI tuiv.l -A -ll. Thus:s' thet jilma'l #ifa

'.a.a *' rtj'. i, If i .ii VI A i-i.~ ra .. !A III 1ii1 6a, tidal- (l ait :; a, r .-it I i( a f aii at a:I~ f. rtrti.. .1 ian-

* r.itii:arat ion. fii Ii qi tict-s 22 andii 2J . TV ii:s a 'aa j'ajliv I i' Ia " t.n ' ' a t ie . -, Ai n od tinauai'

Siiw ain ' aIaicial a'In i. i ialili is off' a.Iic h is similar.

*. T!.-.;. ti. lo, o!, aý r ' t ii- ti-rt..i 6ct'.ui~fniuiitan 1% ala punaiia't upoan t he' '.clumv of cirontAmiarit'Jla Air

k . cint ujtah d InAil 4 vuiaat' of tht nrisa.t oral, Aind uliuat-r rot sptrAtry Iit!A- nis. The' columa's oft air
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':al-wit. TIM. r ti slti 1' Itt~is ra(:lUw~IIv:.s lr th.* Ia~dIvId!_...a ir .:aa (lv. :o'r the uarlv 14-ricit
(0 to, ia h'mirri .ind the.t siiholtacsal Ifainic-t.rm lriiriulJ to : 7 damvil are preintcat in Tialtivi 3.24
Aid 3.25. KsminiAt.At aia~t liar man Arcrived from the iuQ~n,.a ;i!" iI lmosa data are m. closi'
agrt'aaivint. Th~i- can IN- takenasai su2ppawtt u1.t a*~tatnet~ 111 1a he tI hnrv that the, inhaled voluma' Mi
.Air pter mantiisliv er U-Itra (,t tttaU'e is an inaimrtailt daiiurnil,.1an iid the Intrrnal criiitaminalion i n
IN. anitnal suditad. Th.. dittc.renc.', th4t clai vicxat lmAaw. en doi.4 % l to ý. man, cauljtilranth
-11-1-- aitd Pliti-i re *L~u, nliY 11UVc l--1~t due in pArt tia tilt- vi~n an~t-Jnts of1 self-lit kiii Ivy
tioaS4 am milis talthaau-h 11w bktuis of IIK-s4 o aniumallf were n,,t iai-licdt sit any of tha. ~li'ulAtjions,
Shi-v wlvri-141 to III- his'fily C0itt antivtioit %ithI radioactivity).

:MtIli. Sinliii.kr lv, %4i4a !1 dti*!wrt;~ ta::s a I : i - la1 , wu i.% , iryt homu .antm viiniltai lit a fr
oather olt i'' ~.,- w-iaiwl- IN' tUa.Aaaaa-iSS wh,'t appfi Its IrV!1it. .lu~l iirtti..f, suth .ib the
a.ii.' ne .mrrowv, til 1r4't, and t hyroid. Ttiz iic ta I , " ,. q.' ict of Aii varly~ dose~ fwi' It.
:tIw t,*xt ,vr:mIa *.r tiir l)I Ida w¶'tio IieI dtto ata naidi:~ 'ili:ta t dcrn.'I :is rda

tim baidit anuitit'i i. ca't..' to thae. wh~ilttle i~ I~,ito uoires naitAnian,-tul.

* lawer,. is- .cictd tm ata w~it'le.sc that the raeiu.t-tliv it s -oncatrati-d an vertain
* i~~.~a,.iti hamimei of! -.ie organs Jire cnsitokrahl hI L iora rn.:io-wi'sitive thiAn athairs. Tlnts,

the 14 IIIa ti. lt- 1ai 4 talt.t whailo' batly ktelaL raiatiiv ivddb thty whid.alx...i'al tit-iisht) it)
dawitcrniw- ONi -.izt 1v ratitaiatlon synidromea atwuld ait.nr'fil (tat wt thal ce'rtainl hialtky r 1,11114btmi

* ir;:ats, 1*a -i it igct Are tiahbotlang a gzri-itr 'part %)I t~ha. absiriiAtt't V1c-iwg.

*Thisa proa.tiiti ran 1'.. rit'solveii bay tra-ating the doAsea al.4orlic- Irv this critlca I organ ais if it
%itre the doei Nii 4 t. e it iji ttýoli 1% r~. af5)() Leht q.tolitn the.n %wnat (I IN, rotniidered4

* aS' a tilnta Wti 54) r to th ishuoole larary. In thias way; the haa'ard w-itaild hi' ItrsiiadAl~t

.A saftety fiactor ito 1,4- iaicorpn~rata'd amw thlt calclattatd vt tites.
I itt--ritr.11 Do s e I ( M An , C A Ivu I Ie d Ian Ith- B a ss n I C ritical Organs.

Prtaar to the' consadur.,tzin of the. interital dlose, it ahouiild14 l'i.ott-l that atitquitttt shia'lditaa would
jmc*sir 16 'sL uv the' external gaitr--a cloit.'a, which rainiit's n Im 1,130 to St r for &IV 10.

* awd 549 to 22 r to r Uthtra'Ua4 IN -orv tmvtrvis v tI ruaal r mlitatrnd Laruli' rxpatsurett would he
limitain tg l~artorlrt in oie-trt.atut'.I catiduritions. lLoAAt'vavr, it is -Azh 'his inagrvis' radaaanctivittV, whitta'
c~an ir radi~at, -r. ann rom't hae aut sida. or, wthits iiIarl aIt Int lit' ImAv, i r rnidata at nrn~al

viniitter ll% t ht . pre- t! Stý,Ny is v olicaird.
Tt~'r-il w , ti Mea cviotvittimitt .finimnal dusi' to. diti. !o ir', ..r-- itvi-n sit Tattls 3.24 mtid

ý.25. Svic sil dcsi., a it t ha di rma tr p1. u.irm i~cvvacdi t. to'~( r.Mst, t he tItA -1~a i ttt wouild
ti i n" fi r las i::t *::,t- t~ ch.i .4 !A.' Thea hit~ht It v:al,.i !4 ri:i.,, -An~tli iii' 1- ra.ul It

* dtiV it~aths~Nit .M..n ': .Id trial~a is., .d tii:vs tii II aridpit A. rr t*iid.ur t ing caould rt iiult.

11" i'vor, IN-,.;ara 4ii.'twit W it'oi~tit 1 ie..Ull (If -in-:sst racdiiActivity b~ut ws'rt, dug- to loc.al
*Latliiut .ind j'roiwia-aI.-.itt'rtiat thlt I~ase surce.

3.4 COIUIELATION OF AIR SAMP'LE AND) ANIMAL DATA

The ~ ~ w Iti .tI . 1~ I.~ai~~t to pra it afytreor ra I% otlo-o ~ n air %jaai';I. ~tic;
.arar~ilalt 1!:. ~ aiilani-# thktl surh ;;vrrro-altwn, -.:: -.!t-. ;aa'tIII 1i4rqsa it-tai ini T.aihle

ito tilit, Lidjarewt ai r b in: :-v 4i t it% M6. tor t IN v~ar i- s ta %I (-?..-at taat an ar I..1411it m

paI:IIII. Aarnmil%. .it.; aatsir pti warte '~iiatinhlf~~ast o he platifiri AM~ mAY have
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t ? Ii * a ,t .4, Vt iv. it I.5S. 'Ai,mA; I il-I it vig ssý 4 zol' ,urce, I ''1 A h 4111 I!A I .itni al ihita.
To m:ilr~e the- amir s4mpl A diia as zm*z-ur~mivets rilgedt~ i., ternA dose.,N Alf $AiF tple

* .irt~ivtl wts coniii rtc~d to arae rnruie. Atfi ailm far~zip.s ce n several
V* A1"(tt!-q Thele ax r-ra -ge~rthr5je loJti~'fd in Table 3.', d It wilil be

nioted tý2t therip to iv, corerrlatinnut Anifli.il dowse-, .an indict~on tMet the. assufli;Aions were
fi~qz t, o the pourpi~w (4 d lrtrmantatg An Aiwr~igt Ctb@P~draaiios

35. xernil.iid ntrrul Dmineie. Est~imates of elnvrr.l an inrl ne u n 't.i in-

:,re.-% of c,ýrt.tnso1ivaws (tit ts tk 11 2 j9irt pj-em-n1td in T-bk- 3.27. The' 0-aje of te'rnid
;!,t i n .-J 1, ;i tic c i 11 ..itl es ruld isill A [si bt ot utwertatitnli 1. F r ear-h renti laliCe

1", t'.1 vA,, ir i ii -o tlw'a :c. ý3 tit 4 r) ,j 1.n Sp APl 'il 1--i t'iwa ue~ The
* lai'tV-9i .*oge* fitijilrAitti fi'r a fire-io al5r nd v,vt stated vni,,ine r( .)n~tr ~pewujrov I

1a.iie'ly 50 114- Ciii ot 161 lii1 .41 $use' in th.~ b voiflpirtmeiits. Nole Out !or full-iu'wer2Ist
eipsec don, with i,'r~t~lti stenns open (a Moril op aI in rovtiittn) the fircrooni estimatues

swudhe. Mrultitilicd by a factor tef 2 or 3. The ht1:hi-i doit. e%timatei for the. t v entilated
j novnoaiehtir. ry txnt rlurtnklwtit, thoughl quilte uiirelijal)e, 2r ls than 30 pwerent oi the. total dose,

in ro ths. lightly shirldvel rurnijrtlerats..
*The- ,,r enl siWgr-S~i dose esti1ma terS are for an e#xpos ure of I twitr, hut-a larige pOrtitn Of

theise dastWq waret-irnsulited durin* the. first envckajonaent iv ilh- lease surge' Alier Shtee Urn-
tirella. The higho-5i exte'rnal doses'due to ingress sollrsl nat~fiiitsh oirintg

* f ~it~bloo -isi vd~liejiedt hs eveES lw ra, exposurvis in this range
would rw.L cause any casualties or any re'durtion of combat effectivempesis to pe-rsannel.Th
hith'e'r e"stino.atvis of ex.tetrnal Jose aitil the :,Iisorh~ed dote ' in varijous criticals Organs would IAw
cause Any rt-kactioin in~conshat, effertaive'ss, iiar Aniy majur chantivs in hipivitouigy. Internal

losi.' vs ue to deplosition of contaminat i cid tht- beau) are for a 7-djy O-xlwosur r and generally
,Arve small ceminuiire'd to doise~s from' ep ternal Sources.

3.5.2 General C sirton.The doses due Oo transient i-iderior r~iuiation sources re-
* ports.d ivy Projects 2.1 and 2.3 Are considerably' higher thun Lih- hichet%~e' esina~ited to he

daue Io the, ingriiss of cQiitailiinaints. The, trassit done stheriefoire, the- do'se of p)rimrnjy con-
cern to a weapOn-etelivery shqip, ;end reduction of this dJost. shoutld la's atte-mpted. It this reduction

* is .iccunitlitshrd hy mianeuvering to arvi'd the- ls,.urge or cloud, tlten the' ingress of crontami.
tat., huili no loog~er ri-quire consLirte'ratioii. If the- dose refturtion is .accontplishele bcy Shielding

and O1w Ouip op rate5 within the- lse ,:,ur1q' or cloud, Ohwn the dose clue' to the fiorrs of con.
t(imii-ir~ts roes it I ts tia Iie ;rincaipal dose in borne comnp. Lirtmrents. If the ship (clN-raii('s within the

* coei'i#.b tif ItL.' i,._ie .cre orcu whuta t ani hiildiinz, the ieL~itiive contrilit ion to
the toa dcs by' thf, tagres.'e dobe -etould determine whe~thur re-ductoit or vii _njnton oft the.

aingrebAt sc~x- alittc.ttnftd In aniv caseý the internal dos"e will suldom, I if% mer, be
:ip:id ica o( -with re spjct to e~tlier sourcef af (ldose de-livery.

Itrt s~emnsprivcibali. Otat ltr'arnn:,il onta -A-2peon'de4liverv bhip may su~ffr rer-pesdenhxrusurcs

vpvaltma.'~a rc :lu rvo-e itt: AM t6 dl cHime rPt* :tin' i eity vAnd ;sniojwA 0i s lueldi4 ,aa cc re 'd to furt
thi . limis .Sj h jt~:i~.'it ecu I als, rquirt; cimbradeýrattivr. vit the. "tedi t 1 n~e'so

I.cI 17"t I.ra .t-;, 1)r ... tv i'.1 re af frars,s anliwf~ :Ls.th _~- c~ity'n
tlollci sy.it, ms.
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rAlJlX A. I D)A1A ft,)5* ?.\tg kWb:7L AM'~ SA~.u'?:i. 's in

Tod rq.-ntjnce *'l 4.

S~~~auot Cwarachoa le~ Samffrjlr StA 0 Mal.1.e

Stage 0).mn4e b*e Stj ve SLAfe FU.Jlr

-Gan"y
S~jtw~r~ - U1.6 1.7 4.3 6.44 .

Cen~ter 2 7.31 0.4 0.6 1.0 14.7 il. I
Aftor up4A~ke %fos I

bLr~aE3 5.39 10.3 5.0 3.9 17.7. 4.4.3
Martl 4 3.5.4 I .6 0 4 SI..~ 44.,-

StiS-r : 0.2 0.2 0.8 '.f 4~.
65.45 0.1 0.2 0.6 4 .?* P2. 4

Afte~r Crfw6 quarters
1.5as offsiako 7 o16 .2 0.2 0. 19.5 9.2

A ft.--r firwr.ae
P'utt 6 3. 36 0.12 0.6 2.5 . !".9

Ss~ar~rd P4.43 0.1. .4 .13.3 "..3
After evaic.. room

Levftlor. Pqirw.rd is 1P .85 0.31 0.2 0 .6 4.6 a 2. 0
SlAtb..strd. After 33, 9.31 0.3 0.3 o.a 6.5 ?3
Pion~. After 12 10.1 0. .4 069 i 6.7 1ý51

Afteir r-vova quarters

t5rn~I32 0.65.0 0.2 ft. 9.4 '.

3),ret4tn 0131foor 355ý5* 02 63 30 6.4

See I'igeare 2.4 INr e~jlpratiuan curves of partile C se& ric~huaa eeh SNimplir V.siW

%Mean jurtpiol -tore retentioan trangea Stuee 1 #2 too 4 ur grevai..r umecr.'n.i. Sinace 2 . .&''7toj

3.11 iniltrons; Staite 3 -~ 1 o.2t. to 1.6) ,'gcr..ls. Stog 4 0.7 ('P.L3 I.) 1.0li maertn. M6Iliwb.re ,~ r coal -
klictell smrtlie2. that p afford tbr..uCh previoxsi fcbur stjgvs.

TABtLE 3.2 DATA FliUM TwTAL Allt fAt'l5hS HT CAlU4ELLA

IStatio LaIS-n
C'irrec.ted t.. 1' 11 I" .t.we~s (7,'1.c:. an S~.niploi

hif c-unti. min to"~ fl63611

6.alley .6.
Anrvi 'fline rom Pif.I. 12
Aftar firerr..om 1.3~532

After crew qVarlers 1. V) 1.54
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TAB~LE. 33 SUMStMKY OV 3NM I VL $A3.I'LI. DATA. -%IftT V1111HE3II:L

AP -Ml a. .. r - c 2 onm. AU3 w.t~ ý .. tavl. t

1.7 G le 43. 1 #ia

!.!I .jd.. cc p3Ue fl3

2".. A mqht. ý I um il4 47.5 11:111

Up.1"f jme 1uk3,II2~ LNles1.J3.1.

Za ivn,i9i. -irn im cr.'d q.rlu. 2.U 3

.'.r.lk t~run wrrw quar ters 14.9 13. 14

£ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 .* AI) 1 3.4 ssw4'th4.'l3/AinO 3.'c T4II1t I.. or3~3tATO
wiat C.tian -to crt13 q-.irt v ý:)N N3~ IS1)4 'e. 1T ~ aA

17 IAtv oi;grwi r-sm tn t.IIt 1 
.4.plvu 1:1'

* . I Afle 4uarte

DWAICOIL E ( coM MIS Ix. AEDT

17~~.0 .. A.31(I
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T I II. L.S1t2 ~~I NWt 1.S 41V 1. X I 111%L .t'A $1 A I~m E. 13A,.D ON QuN DAIWA. C14a TO

I 11-tuI1119% .- 1 r4.ff IfI' 1-. 4 -v't bi to ______________-low

t~I1 ~ (., Se-..wdi '~41 St-...Mjd ill %lfl~ rs a If~.g 31Da. 21ce

1 3.2 - . . -. 1 . -6.4 -4.11

* -- 3 .1.5 3.4 !. 1Ib

* ~IU 3.' I'.* 1.4 3.2 C. 4

* . . t-r i.%V,, 12 11.1 . 4.2 S.2. '. .4

All.- firtnru
kupj.-rr levch * 4.4 6. 4; l

A (ter fire--ro'.
'I~,.rk ~ 1. 2 5. G ~ 1.3 N.2 9.4 . 30 3

I .21 .122.7 13. IL 10.2

A (fora ,.nititt Iwom

S 21.1 310.5 32.3 334114 3.7
* -- 0.7 0. 6

* (1%.-~r le% el 0 -s 4.L il 2.7 131. 4.4 14.7

0 .4 -0.5

, Af14r vrrwl ,4u~rl, rs .12$I'.3.4.6 I

2~~ 6. 3 too1 (Ll~X

3,,.ni J.La . r, vt 11 It'.,n, lir:mi 6 *-.v% 4 ;. *rg r Szo ..r ;:, 3.
r- rm *l.,:j& .r, i %i3 iIit r v n.r mi I" I It 3i , r..,v r w 1, 6 ad

I N .".~ - uk . -s144 ~au.l Ir', % n. .I * v' .in. %*f ..ri j;; -,n wsrm..' r:,44- Iw to.?vr
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I Alui: L.P. I b ;' %1.ý l1) m~I il'0CS. KA'~ .)b'cT3lvj C~i-INr THA 3 luS .%%n l tL.3?.
* (IW'A i93 tAkSW-IT11 CII ALLLY t UW1 b0.. - Xk'T.R SWIfT I. UbmrLI.A

r ajxw rv ha ,f4 "Ut!isi~mo im r vtsitl air samolor. ___

-shi.4 Visit v.u3ume EM6160iq 4 ..i. hat AV cae IZW , ,raI I
C.rnr4 turnw i' frcrecne 141
r, hr Me6J6.1 '1,f..a e.ei

2(4 14 lot . .92
3.0 .4 1052 30

2.A 6.7 94 1S%.2 36 0.5.51

5.23~ 3.0 46. v. -

5.0. 1.32 33.4 Ci P-54 3. Ii~

4.0 1l6t 4.? 7.N 6. .

7.0 t. 3.11 10. 0.1.3mi.6

9.0 t).3IU3 9.'Q 3-1l 6.6 0.10013til
10.0 0..i;fm 7.9 4103 6. 13t~t*3

* Averag,

TA 11t. F3. 1, IM3T MdAT :L U MPA.''t(1\1 Itt.~) JA CTIV E CO'iNC.w"TAiiIO? AM Rt FA k:LTI SG
tEX3~TENAL DiSK (A rvs 'AITHtN THlE A~f Eft F M; INE IWOxmfi uuy 1)-192
AFrrI' S:1'rr 2131HRIELIA

i*Y it~:mi.:s arc bas~d'A n --m bi~8iiI l*'cr total air P.amplir.r

Tirre Aftecr riis..'ni Kr Gi;nim:t Energyr MistK.~ Noe i " Fatimmaed Air
"j,. Vnit V',tIinie Ctiittio 1nrt CSmehtrc iun

0.5 33.4, -04 4;3.4 154 1.3to

'3.0 vi.7 nt~ 2.7 . 20.454

23. .4 3..1m 0.91
3.0 1M.A33.3 67 0 .0
4.0 34.23.13. 3.1 14.6 .39

5. :1. MI.0 1.9 12.0 0.07.6

4.04'' 7 14.? 1..4 30.0 014
.0 . 7.27 12.3 11.123 111.6 %,.vI 6q
9., ' 3.74 10.3 0.54S 1.6 *0.0116

30.0 Lim9 9. * '.263 ..

A'erage 49.:34
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T.WUL k~ s A7M~12 2t~ ~. 1\iAVIM3'l!. CtCN 1 NI!ANfL'NS ANDM iWl 1.IJ.cG~X!MNL 3.?t. AIL~ 31I~Ab&TiJI t334..I~kX)%1 OF IVD-!V,5 A -71.

T,,swow Afte G~.1minis 1,.nerIC lqjpiam*Ie )Uit~mrgrat mm 9Itimmied Aw

M~9 10' nacm'e c asOkcm,

a."SM20 1.:4 154 3.61 it

1.0 624 1.45 . 52
2.ox S 44. 35ý 17 .04 a t

4<a et82L .44 14.4 :1.47 it,",

4.0 . .64 14.7 . 0.4.I10. 2.3.5 a If
7.0 9.6 322 e.fE64202 S,1-
0 .e .6 10.3 7.t* 7*74 0*10-43g
9.0 !.P8 .0 0.054 6.8 .6 19-3

10.0 5.47.9 0). L49 C.2 1.43' ise

Average 71 4 to

rA1I39LbTIMATW . 'C~~, RAI)IOACTtVF Ct)NC' '~THAl~N A1`01.IL3

EX2CTHNAL UAWhI RATE~S UIT1TINI2'llf. AMER~ C'IHl OV UAAITCHS or DD-s8
ArTDm bmnJ L'INII4ILLA

Evitimstts are t..2s.J onflibsr i m' per Vittal air Rusmp3Ctr. ____

Emirnatti Wiintcralgufl
Time %~fte~r Finsioslo per cAmnma Ekvrit E 1stimated AirW-. Ravc it Rates

Sh. UFI£ t,,s~tAc .flis~',f S~teCenter '4 Sphe're Ilt.-fe~rvncq 140 Cn.nrt

mnuic 4 3ul o fisil'fss.M sec r. hr dia/scc!L04 fosa.,tns IQ- 3 )iC/cm3'
104 fissions

.s3.90 204 4.42 154 352.0
1.0 ~ 3.7 6 1.66 1.:4 u2 63.0

.03.49 34 Lt.$ 30 ý3
.124 335 . .1 10.7.5

4.06.0 U.. 040 14.4 12.0
1.0 .79 36t. 0S12.0

6.0 2.1 4.7 0,.2.30 6.97
7.0 3.4012.3 (,.i 1.6

It.0 1. 0.3 0.133A * 7.6 .G

10.0 * .92 7. ~'66.2 3.22

Avetace 54.0
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TA9UL :..2SI* fMAL VATINNAL GAAVANIU.M~A710%

o W

,A ter vologsim2.0

TAME0 1.11 3.I ATSDT70 ( 4.*

ri-i- w S..,r!;Lq ~a tIo v ýi .o ml-v.4 jn .1.0e ao: It O 1."nl-6 1

243.0 u .4~ 3.0IA1.4-A

ft~.~ I 47.0 e"~~~ IV. 2.011.

r6-49 1. .. 2 .3 153.
nfl-rb~lkh~d 100' .4

* .i.: 5-4 . 1'A .1.3.01.326

* ~ ~ ~ ~ ~ l~ . F.'i~. W4r ikt...,' 14.n~.I 143 2. 1.632.

r Wikfwx Ii.3 63
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mAB 1 .2 I1lT ) HAI V~. .~\) 1).%i EAILUT
TAMM t. F m% 11) IN'A. S~ Al~ NO.' INt TI) F. C sl

P- V) 01 0 MINqI T S MA T DrFIptqe 1TII

t.u. 4.11

11 u.2411.1j 120j I

1.1 rlIT. 1. D, S~E ANDf SUMLIV % ('V r i sn %WI I~ IF t XTl.NAL GVI.A % IMA~ )S 011. 1-

Tit.1%;tkSIIFCO A IN %S.o .i .tor I).3111RULA_______

M. ,9*12a. M2SS )US-1 3 -

-Aer l Ir..--rAr rit~ Sin l
4S :44 Aerige2t G .. aTH tat m~ics

!'S*Is~t tI aI It '3 pi ne

91 a-1- ,6 2 S.i. 4 1.3 . 4 3

Al . mer tiean- ro 
--

II (1. 59 A 12a Ito1

Alr .. ces-

r Ivq ls It
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22.' I4mb.jrg

1'a,4.a.430 t" 14431
S~ar..tm m.,.rr 44 !" Iu I4 too 4436. 2

1'vl.,f .11m an1.,g3 to0.?

4~rer-si q4.avqe Ira 
0a20..t it..4 0I 4

After fr~r'..m 's-v tw 0 I
AtIpr 44g4m 0 3 Is

t'f.or le'el. Wrtu and

GfRda- r,44.t a 14 *42 4444W0 591: -Station 7- port. so mr/h. station 3.
, arh..mrd. *3? mr/fi,.

* TAN L 9 3.41SS AVI4AA~ 24-44flil M GA MAN1% 10 APIMN 0l- S52.
l4A51:fl 6`14 MkI IlAiprr DA ;A. AKI) Witt-) IF44
SI44JT %.AMIK.) L)I'5Sk.S TO SHUT7 t!).IUNLLA LiOlli

A4t..,. wjl,'lirv. It4to33 ft V

AlI m-aih..r dic,,k.. 3 351 1.44

Itrid4. cmpkl II 22 2.23

Abivv f.ll I. lIto I6 t
Fnrsatd qmritere 5*6@ 2014 2.34

..s1'6 cent~ral a27 154 2.j;9

C r"" .a sh*,roi 603 30i I.At?

Cns.a MebS U4 2. 4 3
Y.,rardj firer..n 153 A!'. G 1. i
F.,.mrd -ng~m rssmt 121 -14.4 L.41

'J Alt.,r I. riprivo 077 94. 4 1. N
A *, a",~w romm *6 4 JOB6 I4.53

* Aft.-r .-r, 4% *4,arlers 410 .2iq .4
St4f4mg CFJP riwsm 3441 2453.4

St.'t* sr 4 75.1 2
F,.ri:rd fivrr.-'. 3%.G b7 - ..

otr firer...'" aa. G4. 37
%iu.7 wrcaw F 'rn.. 62. 4 o 3".4 1 .46

* 4Axii.m.nig .. 'oa %AJ-.. 1gro uI.r It. P .,it,* . - h~ iss
* 1',...I" I. %i a;,d I*. iivascea, ."std bi, spr.r~am4.lij l0f
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Line-idAverage k.m~Av'esto F.Im U4*.i"

FIlM tk~l*.tj I)~4 ralm lia.*. V*le

Dia 1)fferecne Di.. Dstferpoiv

afldidg curples 114 229-
.342 22 12 S3

Crw$s moss 219 - 9LO
Average 347 1411-
Afte~r cre~s-qiartero 041 33 210 s

suppwr ecvvik 153 32 :3.

kýPgwr leVVl) -7? 56 95.4
After cvi n. rowra

f**pper level) 104 43 1" 44

Forward oncins rc^,om
(beoer WV1 31.1 - M.

F-uqward fisrroom
f~loeer lI-tell 30.0 7.3 10.7 L40

After fireroom.
flower level) 51.1 .10.0 21.6 11.0

After ongcine room
(lueer level) 62. 4 31.3 V7.6 :V.0

-?A B 1. 3.17 -SI4TDLT~(AL 12QSE IN4 7014WARD 14jiLMCxflh DUE T0

j 4 NAMNATED RIolLER COMBUSTIONAIR; DD-474; l)D-92.
AND Dl)-59J3. bNgOTS WVAHOO AND VMII3ELL-V

*All doses in roont~cias._________________
Shot Wa hoo blicA Um~brella

ComportmentD47 D.~. 76Y42 v-74,4b-. DD-593

* L'P;wr level I.4a1 Jose

Forward engine romm 223 121 435.1 31 57. 54 (A. 4 47 8. 5.3
Vnrwaril firerX~rm 153 153 fiS.7 40 IM4 92 ti9.6 52 10.6 10.3
r tlwr level ir4sa dome 130 32 23.6 9( 54 46 25.2 3. 2.3 3.2

*LAoWer level t~ueal do'we-
l'.rwartt vnznin r~omm? 76 31.1 9.5 - :'.4 23 10." 1 2 4.3

I reardllrv., 101 :.618.9 1 It3 . 1.' 25 4.7 -

L 6r.* l.l -4rebs "1s 23 7.15 9.4 :i.: 12 !;.0 13 4
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v"*iIh,~.r'1I '4rwr ror pith. do"riwi %rfdror .4 the 1U .S'4r, *f, o'.o
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2. T!". !,",. elin. it) n..atv rtw-w i It dv 1̂ t..aI' iit sIV W l..y i i fIra I o m oiiiariit i
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co: ip~aaiit'rtts nrsl the fact that, at a n ixamium.hiWa'r&odyInterwhlr:r
C un'.it ir-,ýI~tv rnk. do'se f rom I rils ii'l so~r~ct e xtLil ton tl~ %hirl% si.f .ina~ishis M1 sit w t

rad.aw L t 'ii a f~ Jromr Ops t ration flirdt .c'k itiA blnt;,!iýid osoj-raion LIj eitranwrits~ ~i:i i'., a .1 mid
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*''A1I1~bU LtTIMATI O F 4)''ANMAA Uttif HAT103MO b14)I'AIOACMT1,1T
VILSt'I4.Mt.%NTS OFV AIR AND1 z4t1iFAci SAMPLE COLL XTI04S AS

*A It2~14 i r TIME, fi A sinpnoAII COMP4IARTMECNT

Tie ga'..ina .aue r s.. .1t to &t r.im. iwad k.rie radiliactivity wilbia several shipbr N owmforfateepl
-.. rr etina4lt -f~ fr i1te .j,&macraI.-r of *at* co"romaruuwn. becrause this VC.tit was near a .Itowiawq
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As**as. Pnl't Is at i'Mt ccr,.ter M A c1rammt4 u0pl'enS 1`01071w- ant ala. $*&WNe:

I de~ ritf- at P..tut P. at tint, I. r,'tr
21, rawsma diolance from. P it the. shvil of the qAgw.r.. feat,

re numzi-num tjhuiut of Ai. aphers. tev4
-;4 coeunt rate. t'ounta/mis

V % ,lt,1ut, *.f Air front "Wi.h san~igi~ .46 ..btaia. to-
If J oee~~ffittc..ncy of cnojViwr'. i~wtL'ts.phto

S trartst.4 of vFamnpl reta.aWu~ by filter. dirnwfmonialss

it Ilnt.er dji~s4nt.ia. etw~livient. ftt

IC :.a:ms 17%LI to dm. fai '.t- trlt factor. r.'ti, swr If, i vFAItae
It 1  r.'trstwm tact'r (of- u"111a. l.d 'k 10'- ft'-min cnt- See

c ýN.i..v faiet-sr to C-ttwcrt ti..a raiate it tMe .4 ,arple, outa. to .
rka rat at tints t .lmv-ualwasa

The uacate t I cutrbuted by a shell of The .contawqsas"ac bfbera rad11iur.wH e

L, KS E h4wrdr~e' bit1

19V 49 fA

Whel 0S i' jr S I . 8 can .a ircprrsvntd in ith form

B 'I butar 0* ob A2
M~r

%here Eqiuation A. 2 deflik-s b. 'Tbiripfoe,

V c Sh 1* d (A.31

Intt-grating b.!'4 tva the liamits r '0 and r r

R c~J. ~ sI .~r A..41bV 9 4'

Vti~it.t1 !~ '~.~al rtc'tllvting ternsa.
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rquatkot A_$~a he cpapiaded uinc a %orwi fo~rm.

Itf4V ~ I MI (I -t -2h) A

fi Avntiratgn. "I Ftsatt..eA4. tibe bI~astic pi will be 30 klc or lise. Fist, ý'alwwe of r hqw~we S. sauG
Nev. at~ will tw lesai thia Q.t. ..MW -a I Is %II b wal least Siam L Th~rr.'fe,. so this range, of vvrfair

It~ kjK8

I-. - . %tthin .3Prvt

V~lui-% sit KC fr..i tsivere -,*f I4..f-e.qe 25.:

* Ir

0.5 2.1
1.0 1.9
2.0 1.4

1.0

5 3110 cietetai/m sole Id 30 sur. aftisr oboe)

**0.3 muneet/pbacto

fit 1.46 lia lo Ia aaaume*

1o.9 1- rile at r theti'ce

6 ot 'rp - awtoSE!

Where! III . does raeattme
Re S - :do" rit at Umv ofp.,Wcon

F ar' wellhsi of eaUmazjtW ibe do. rate from tostal air samplin data..th, folio. log are ditfs~
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v 'ure .4icr :.aiipli. at c..notiml rate to~t wwoa tarno-e a-. coa

turn.i after ahs.4 alwo, air *awplini ateipped. miadcoi

to as 118ui.,e.1Iti"e 41'er ,h.,n A4 aatilno-tiuum mnflux ~4 r'uqan1m"mt. air iarnkcrmly

Ac.-Pe'rl.um %*Ifslciqbm of 100 Is~n miun

fireauae rotiisw46..twn.ient air pamampinj data was obtain*d. asaaeam

-Ain -neotitial dislutaiwo Ae1Su r.'1ehrrvive t

%hvrv- f, nuffilkie of fl%%iicn" Inrn.t'-t ttn I& w ltiae
Opo .eitlr e'E fl,,siwt afte'r inptgnt.-ntncc ip011ix Of cusfm~injated air9 At 9rn 4,. faa'0"al

Where: rF tutal .nuncihor of Lsa~insj Cci'ed~e -A saavgi~sl as Idetermuined by' a radloclormiAgl
anlssf.,r Ma~o convent.

Thea

I (I lto.

V5 ~ k to-t [ Iide

? w 4~- lit to 'k:it
r 0, k, vtOgr t.)

V, Ft to it -t h -yt

V, o~fT A. I aI

No* ifor A 'iphqre 4 rsid'UA r C~MI.L Asoutrnim; no aijicorptiuon * buildup.

Ri -10' X~ rKP

Wie re P tloto ratep as O1w comter of tthe'sphtero at t rn. t . or'

fL concentration In fig cIn as d mnod by~ Eqiajans A.R a&W A.9
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':so Wor.m ,~ . 10' fur cr.". j;Aa rt.-ro
(.o islA -me rw .. ee f factor. r, fil ;-r MvcA re

VAl-Sa tar %I iere *JeAinrls f-'ni tRekirewoi 2h. Valsics for K were .Aatowinea from, Uefre 2-
1.11S - IU at If 0 wic-.r~t AMa 1.9J2 a 10- as lie 10 Int w~vs

A. 3 G.AMMA NW IRAUE DUL TO DICIV(EITLE1 ACTIVITT

to this -nae the. x~irfice i-lilak but khý%d, &#W tM likol is wounwi to he a waifo~rmiw ceetaaw,"lo. diskl.
InA i~d t)~I ths~w 4uantItI1,' Jd.tle.lt is Se.1tbm A.4. abpwv. the Ad.lowtak are doiltmd.h

It .fr. i'. ;it I"'nt P. hfiriat Sliave the 4M.nter of a cemaminaatmst disk at It.,,, I *rikir

ha *. :.r Mfta~ Vii I"t P froqy, di.kh. I..nt

To-.* r 115 It3 on . h.r aw hetivCo

Thet~.c rac'It s PintP. frt aim.51, ~uer f awafurroly tvnosaa insatri shoth, cuontribwtoii by

an ianpwlar inscrvuawMaaa Area. is

II I WIN~eea

Therefore.

S.~

Iuategratiog [quattlan A.4. Ohen.

h.

*In II 4rj,'h,'I j

4 cA
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*DECAY FACT4415 TV' COMNOILT r.-hIr TO LXUA~. r /I, AT? N340 SIX 1J

- D.',' f.t'~ f'.i N :~ soN *:Idro =c.-t-nl frm", p ltvklunary ,,r~r-nF'Ma diI4 ot Low ctumber drce..,
in. ~ ,,gi~vJ. ~n .,~.rs. 1416..5.*4vmrr fl~ tt~wt a r~prW6uin. I).av factors

Ir', 66i If . , If 6 7.2 JO w-ol tr'.r Heferefte IA mwmalied pm oarfi kwrav it.mrnM Hs -3" 14~

I.mel, A;1t.r 1,hs4v 1)^ýuIy Fa~tot inh.t .Al.r SL-'. L).z hm *,.Yn-r li cAv I.r:',, L l-~wa1'

I-C - -

426344 3'. l* 006

SO 0.933 )so .11.2 4.0 4.
6I .69. 40,0 i6.6 :18.7 15

541.74 420o 13.203 ,4016 4176
52 203240 4m.? ,70 0

33 l.3095 220 2 .0.5 1.000 1
10 .127 240 1021.2 3.00e 70.5

36 12.10240 22 4No0 8.71

70 i.304 50 00 0 4.80 4,07.6
802.1750 137 1,400 t7

46.'175" 310 26.97 6,01052
48 10 6.0 W, 55175.900 113.32

6:0 424450 19207.31
_ _ _ _.7_ _ _ _ I.__ _ __ _ __

36 1.32 44 20-1 2.71220
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133. P1. L. Vain-, J. Mi. W.crtvrny, &:.,i T. Hittch; "R. pKa;itory Dust Retlesiti'mn in Small Ant-
mib ACiniaa~.en at Mn;Arh. Ind. Ite.mith 13, Ajl 1P6 ~a~35t3C; Amirca
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